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SUMMARY 
The purpose of this investigation is to study the rates of 
hydrolysis of SbCl^ and SbF^ . In order to determine the effects 
of acid and base on the hydrolysis rate., the reaction is followed in 
media of varying pH„ The half-times for hydrolysis are calculated and 
several mechanisms are proposed consistent with the data, 
A spectrophotometries method is utilized for following the 
hydrolysis of SbCl^
 0 i,e„, a stock eolation of commercial SbCl^ in 
H.C1 is injected into a buffered media and its absorption is determin­
ed on a Beckman spectrophotometer. The absorption is proportional to 
the concentration of SbCl^ ; therefore 5 the rate of hydrolysis can 
be calculated from the slope when absorption of SbCl^ is plotted 
against time. 
Since SbF, does not absorb ultra-violet radiation as does 6 
SbCl^j the spectrophotometries method possible with the latter cannot 
be used with the former. The rate, of reaction of SbF, is followed 
6 
by titration of the released fluoride ion. The method requires that 
SbF^ be introduced as a solid salt 9 consequently KSbF^ is dis-
solved in the various media. The rates of hydrolysis for each step 
are determined through resolution of the plotted data. 
The chief difference in the two systems is that in the chloro 
case the first step of hydrolysis is measurable and the following 
steps are very rapid while in the fluoro case the first step is 
very rapid and the second and third steps are measurable. The 
VI I I 
FOURTH STEP PROBABLY CAN BE MEASURED BUT THIS WOULD REQUIRE A 
METHOD WHICH DISTINGUISHES BETWEEN S P E C I E S . IN ACID MEDIA THE RE­
ACTION OF SBF^ I S FOUND TO BE TERMINATED AFTER THE FOURTH STEP DUE 
TO THE FORMATION OF A POLYMERIC SUBSTANCE. IN BASIS MEDIA THE RE­
ACTIONS ARE RAPID AND COMPLETE. 
THE DIFFERENCE IN THE TWO SYSTEMS MIGHT WELL BE DUE TO DIFFER­
ING TENDENCIES TO REACT VIA AN S^L AS OPPOSED TO AN S^2 MECHANISM. 
ALTHOUGH THE VARIOUS MECHANISMS MAY BE OPERATIVE IN BOTH SYSTEMS S 
IT I S SUGGESTED THAT THE MAJOR PATHS OF REACTION ARE DIFFERENT. TO 
EVALUATE THE LIKELIHOOD OF REACTIONS THROUGH THE VARIOUS PATHS THE 
OCTAHEDRAL SPECIES ARE CONSIDERED FROM THE POINT OF VIEW OF WHETHER 
THE COMPLEX I S MORE LIKELY TO UNDERGO INCREASE OR DECREASE IN 
COORDINATION NUMBER. OUR EXPERIMENTS 9 IN CONJUNCTION WITH PREVIOUS 
WORKS WHICH, ARE CITED 9 SUGGEST THAT S B F ^ REACTS VIA AN S^2 MECH­
ANISM WHILE SBCL^ REACTS VIA AN S^L MECHANISM. FURTHER 9 THE PRODUCT 
OF THE FIRST STEP IN BOTH CASES HAS INCREASED S^L AND DECREASED 
S 2 PROBABILITY BECAUSE OF INDUCTIVE AND ELECTRON RELEASE EFFECTS. 
CHAPTER I 
I N T R O D U C T I O N 
I N RECENT YEARS THERE HAS B E E N C O N S I D E R A B L E I N T E R E S T I N THE R E ­
PLACEMENT R E A C T I O N S OF COMPLEX I O N S . MOST OF T H E WORK TO DATE HAS BEEN 
CONCERNED W I T H S T U D Y I N G COMPLEXES I N W H I C H T H E CENTRAL ATOM I S A T R A N S I 
T I O N M E T A L W I T H A C O O R D I N A T I O N NUMBER OF S I X , AND I N W H I C H THE L I G A N D S 
ARE ARRANGED I N OCTAHEDRAL C O N F I G U R A T I O N ABOUT THE CENTRAL ATOM,, R E ­
V I E W S ON T H I S S U B J E C T ARE A V A I L A B L E ( L ) . 
SYSTEMS W H I C H ARE OF COMPARABLE I N T E R E S T , , BUT W H I C H HAVE R E ­
C E I V E D L I T T L E A T T E N T I O N 3 ARE THOSE OCTAHEDRAL COMPLEXES I N W H I C H THE 
CENTRAL ATOM I S A REGULAR E L E M E N T . THERE ARE ONLY TWO D E T A I L E D S T U D I E S 
THAT BY NEUMANN AND R A M E T T E ON THE H Y D R O L Y S I S OF S B C L ^ I N A C I D 
S O L U T I O N ( 2 ) , AND THAT BY CRADDOCK AND J O N E S ( 3 ) ON T H E H Y D R O L Y S I S 
OF THE CATECHOL COMPLEX OF A R S E N I C ( V ) , I N A D D I T I O N D E S S AND PARRY ( 4 ) 
REPORT SOME L I M I T E D O B S E R V A T I O N S ON A S F ^ AND A S F ^ O H . T H E SMALL 
NUMBER OF CASES S T U D I E D I S I N PART DUE TO THE FACT THAT FEW SUCH 
COMPLEXES HAVE M E A S U R A B L E R A T E S OF R E A C T I O N . FROM THE A V A I L A B L E I N F O R ­
M A T I O N T H E A N T I M O N Y ( V ) COMPLEXES APPEAR TO MEET T H E R E Q U I R E M E N T S OF 
H A V I N G AN OCTAHEDRAL C O N F I G U R A T I O N AND OF H A V I N G M E A S U R A B L E R A T E S . 
T H E P R I M A R Y PURPOSE OF T H I S STUDY I S TO I N V E S T I G A T E THE GENERAL 
F E A T U R E S OF THE H Y D R O L Y S I S OF S B F ^ . AMONG THE F E A T U R E S OF I N T E R E S T 
ARE T H E C O M P A R A T I V E R A T E S AT W H I C H THE S I X F L U O R I D E S ARE REPLACED, , 
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A N D T H E D E P E N D E N C E O F T H E S E R A T E S O N T H E P H O F T H E S O L U T I O N . I N A D ­
D I T I O N , T H E R A T E O F H Y D R O L Y S I S O F S B C L ^ I N T H E B A S I C R E G I O N A N D I N 
T H E H I G H E R P H R A N G E O F T H E A C I D I C R E G I O N H A S B E E N S T U D I E D . T H I S S T U D Y 5 
I N C O N J U N C T I O N W I T H T H E W O R K O F N E U M A N N , A N D R A M E T T E ( 2 ) P W H O S T U D I E D 
T H E H Y D R O L Y S I S O F S B C L ^ I N A C I D S O L U T I O N , I S U T I L I Z E D I N C O M P A R I N G 
T H E H Y D R O L Y S I S O F T H E S B C L ^ A N D S B F ^ I O N S . 
S T R U C T U R E S I N T H E S O L I D S T A T E . - - B E F O R E P R O C E E D I N G T O A C O N S I D E R A T I O N 
O F T H E H Y D R O L Y S I S R E A C T I O N I T S E L F ; , T H E E V I D E N C E R E L A T I N G T O T H E 
S T R U C T U R E O F C O M P L E X E S C O N T A I N I N G A N T I M O N Y ( V ) W I L L B E R E V I E W E D B R I E F L Y . 
B E F O R E 1 9 3 3 , T H E F O R M U L A E F O R A N T I M O N A T . E S W E R E W R I T T E N I N A 
M A N N E R S U G G E S T I N G S I M I L A R I T Y T O P Y R O P H O S P H A T E S A N D P Y R O A R S E N A T E S , 
D E S P I T E T H E A B S E N C E O F I S O M O R P H I S M . F O R E X A M P L E , P O T A S S I U M A N T I -
M O N A T E WAS W R I T T E N A S K H S B ^ O ^ . X H ^ O . I N 192.9 H A M M E T T ( 5 ) P O I N T ­
E D O U T T H A T T H E W E L L K N O W N S O D I U M A N T I M O N A T E H A S E X A C T L Y T H E R I G H T : 
C O N T E N T O F W A T E R T O B E N A S B ( O H ) ^ O I N 1 9 3 3 P A U L I N G ( 6 ) G E N E R A L I Z E D 
T H I S V I E W B Y P O I N T I N G O U T T H A T T H E M A J O R I T Y O F C R Y S T A L L I Z E D A N T I M O N A T E S 
C O N T A I N E N O U G H W A T E R T O C O R R E S P O N D T O T H E F O R M U L A M S B ( O H ) ^ 3 T H O U G H 
S O M E C O N T A I N A D D I T I O N A L W A T E R O F C R Y S T A L L I Z A T I O N . T H E C O O R D I N A T I O N 
N U M B E R O F S I X I S A L S O C O N S I S T E N T W I T H H I S C A L C U L A T I O N O F T H E S I Z E O F 
T H E S B ( V ) C A T I O N A N D T H E O H A N I O N . S I N C E T H A T T I M E T H E F O R M U L A F O R 
A N T I M O N I C A C I D H A S B E E N G E N E R A L L Y A C C E P T E D T O B E H S B ( O H . ) ^ 9 A N D T H A T F O R 
A N T I M O N A T E I O N T O B E S B ( O H ) ^ „ R E C E N T L Y J A I N A N D B A N E R J E E ( 7 ) S U P ­
P O R T E D T H E F O R M U L A F O R T H E A C I D B Y D E M O N S T R A T I N G T H A T T H E A C I D I S M O N O ­
B A S I C . 
C O N C R E T E E V I D E N C E F O R T H E S I X - C O O R D I N A T E N A T U R E O F S B ( V ) I N 
3 
c r y s t a l l i n e s o l i d s c o m e s f r o m x - r a y s t u d i e s . I n T a b l e I a r e l i s t e d 
t h e c o m p o u n d s t h a t h a v e b e e n e x a m i n e d b y x - r a y m e t h o d s . F o r t h o s e 
c o m p o u n d s i n w h i c h t h e c a t i o n h a s a s i n g l e p o s i t i v e c h a r g e t h e l a t t i c e 
i s b a s i c a l l y o f t h e N a C l o r C s C l t y p e . F o r e x a m p l e 9 t h e f l u o a n t i -
+ + + + 
m o n a t e s o f T I
 9 N H / 9 R b , a n d C s f o r m r h o m b o h e d r a t h a t a r e s l i g h t l y 
d i s t o r t e d C s C l l a t t i c e s h a v i n g c r y s t a l a n g l e s o f 96° 0 ^ 96° 30
 s 
96° 30, a n d 96° 5k r e s p e c t i v e l y 9 r a t h e r t h a n t h e 90° o f t h e C s C l 
+ + 
l a t t i c e . F r o m , t h e c e l l c o n s t a n t s a n d t h e k n o w n r a d i i o + T I , R b
 9 
+ 
a n d C s
 3 i t i s p o s s i b l e t o c a l c u l a t e t h a t t h e S b F ^ i o n i s e q u i v a l e n t 
t o a s p h e r i c a l i o n w i t h a r a d i u s o f a b o u t 2.95 A i n t h e s e l a t t i c e s . 
T h e o r i e n t a t i o n o f t h e S b X ^ u n i t w i t h i n t h e l a t t i c e m a y r e d u c e 
t h e s y m m e t r y f r o m t h a t o f t h e b a s i c N a C l . o r C s C l t y p e . F o r e x a m p l e . , 
a l t h o u g h K S b F ^ h a s t h e c u b i c b o d y - c e n t e r e d l a t t i c e o f C s C l , i t s u n i t 
c e l l c o n t a i n s e i g h t m o l e c u l e s , a n d i t h a s o n l y t h e s y m m e t r y o f t h e 
c l a s s T , „ i n w h i c h t h e t h r e e f o u r f o l d a x e s o f c u b i c h o l o h e d r i s m h a v e 
h 
b e c o m e t w o f o l d a x e s (8)„ 
A m o r e d i f f i c u l t q u e s t i o n t o a n s w e r e x p e r i m e n t a l l y , b u t o n e 
w h i c h i s m o r e p e r t . i n . e n t t o t h e p r o b l e m a t h a n d , i s w h e t h e r t h e s i x 
g r o u p s a b o u t t h e a n t i m o n y f o r m a p e r f e c t o r a d i s t o r t e d o c t a h e d r o n . 
S c h r e w e l i u s (9)
 9 w h i l e d e t e r m i n i n g t h e s t r u c t u r e o f N a S b F ^ , s t r e s s e d 
t h e p o i n t t h a t t h e e x a c t a r r a n g e m e n t o f t h e f l u o r o l i g a n d s w a s n o t 
p r o v e n ; h o w e v e r , i t w a s p l a u s i b l e t h a t t h e s t r u c t u r e w a s a n N a C l t y p e 
l a t t i c e w i t h t h e f o l l o w i n g a t o m t o a t o m d i s t a n c e s : S b - F s 1.95; N a - F , 
2o 32; F - F w i t h i n S b F o c t a h e d r a , , 2.67 a n d 2.78; a n d F - F i n a d j a c e n t 
o c t a h e d r a , 2.72 A . I t i s i n t e r e s t i n g t o n o t e t h a t t h e F - F d i s t a n c e s 
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T a b l e I 
C r y s t a l S t r u c t u r e o f S e v e r a l A n t i m o n a t e s ( V ) 
Compound C r y s t a l f o r m R e f e r e n c e 
NaSb(OH) 6 t e t r a g o n a l ( 9 ) 
L i S b ( O H ) 6 t e t r a g o n a l (9 ) 
AgSb(OH) 6 t e t r a g o n a l ( 9 ) 
[ B a ( H 2 0 ) 2 ] [ S b ( O H ) 6 ] 2 m o n o c l i n i c pseudorhombic (34 ) 
[ N i ( H 2 0 ) 6 ] [ S b ( O H ) 6 ] 2 t r i g o n a l (36 ) 
[ M g ( H 2 0 ) 6 ] [ S b ( O H 6 ] 2 t r i g o n a l (35 ) 
[ M g ( H 2 0 ) 6 ] [ S b ( O H ) 6 ] 2 t r i c l i n i c p s e u d o m o n o c 1 i n i c (35) 
[ C o ( H 2 0 ) 6 ] [ S b ( O H ) 6 ] 2 t r i c l i n i c p s e u d o m o n o c ! i n i c (35) 
NaSbF, 6 r h o m b o h e d r a l (9 ) 
KSbF. 6 c u b i c (8 ) 
RbSbF. 6 r h o m b o h e d r a l (11 ) 
CeSbF 6 r h o m b o h e d r a l (11 ) 
NH-SbF. 
A- 6 r h o m b o h e d r a l (11 ) 
AgSbF 6 c u b i c (36) 
T I S b F , 6 r h o m b o h e d r a l (11 ) 
N a S b F , ( 0 H ) n 4 2 t r i g o n a l (9 ) 
[ C H 3 ) 2 N H 2 ] [ S b C l 6 ] o r t h o r h o m b i c (37 ) 
[ C H 3 ) 4 N ] [ S b C l 6 ] c u b i c (37) 
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W I T H I N OCTAHEDRA ARE N.OT. A L L THE S A M E , A S I T U A T I O N THAT COULD NOT A R I S E 
I F THE OCTAHEDRA WERE P E R F E C T L Y R E G U L A R . U S I N G T H E D I S T A N C E S OF 
S C H R E W E L I U S , A C O N F I G U R A T I O N COULD NOT BE O B T A I N E D THAT MET T H E R E -
o 
Q U I R E M E N T S OF A L L S B - F BONDS H A V I N G AN I N T E R A T O M I C D I S T A N C E OF: 1 , 9 5 A „ 
o 
TEUFER ( 1 0 ) L A T E R P L A C E D THE S B - F D I S T A N C E AT 1/78 A , W H I C H AGREED 
W I T H THE D I S T A N C E I N K S B F ^ FOUND BY BODE AND VOSS (8). A D D I T I O N A L DATA 
FOUND BY THE L A T T E R TWO AUTHORS ARES F - F D I S T A N C E W I T H I N O C T A H E D R A , 
2.38 AND 2 , 6 0 ; F - F D I S T A N C E BETWEEN O C T A H E D A , 2.74; AND K - F D I S T A N C E , 
o 
2 . 7 4 - A , T H E Y A L S O SUGGESTED THAT THE SUM OF THE I O N I C R A D I I WOULD G I V E 
o 
AN S B - F D I S T A N C E OF 1 , 9 5 A „ 
X - R A Y A N A L Y S E S ON OTHER COMPOUNDS A L S O LED TO REPORTS OF I R ­
REGULAR OCTAHEDRA,; R E G A R D L E S S OF T H E C A T I O N . FOR E X A M P L E , S C H R E W E L I U S 
( L L ) REPORTS D I S T O R T I O N S OF THE OCTAHEDRAL, A N I O N S I N C S S B F ^ , R B S B F ^ , • 
N H ^ S B F ^ , AND R B S B F ^ I N A D D I T I O N TO D I S T O R T I O N S OF T H E CSCL TYPE 
L A T T I C E TO R E S E M B L E THAT OF THE B A S I F ^ ( 1 2 ) L A T T I C E , 
A P E R F E C T L Y REGULAR OCTAHEDRAL COMPLEX CAN BE S L I G H T L Y D I S T O R T E D 
TO F I T THE DATA OF BODE AND VOSS BY P E R F O R M I N G TWO S I M I L A R O P E R A T I O N S 
W H I C H C O N S I S T OF THE CONVERGENCE OF THREE OF THE FLUORO L I G A N D S 
o 
ALONG A SPHERE OF R A D I U S 1,78 A TO G I V E S I X SHORT AND S I X LONG F - F 
D I S T A N C E S , AN ARRANGEMENT THAT I S A P P E A L I N G B E C A U S E OF I T S SYMMETRY. 
T H E C O U L O M B I C A T T R A C T I O N BETWEEN T H E C A T I O N AND THE E L E C T R O N CENTERS 
OF THE D I S T O R T E D A N I O N WOULD ACCOUNT FOR THE R E D U C T I O N OF SYMMETRY OF 
THE C R Y S T A L L A T T I C E , I „ E „ , , I N T H E CASE OF K S B F ^ , T H E E I G H T N E A R E S T 
N E I G H B O R S OF ANY P O T A S S I U M I O N WOULD O R I E N T T H E I R A X E S I N D I F F E R E N T 
D I R E C T I O N S . 
T h e r e i s some e v i d e n c e t h a t S b ( V ) may e x p a n d i t s c o o r d i n a t i o n 
t o s e v e n w i t h f l u o r i d e . M a r i g n a c ( 1 3 ) o b t a i n e d t h e h y d r a t e d h e p t a -
f l u o a n t i m o n a t e s o f p o t a s s i u m a n d a m m o n i u m by a d d i n g a n e x c e s s o f KF 
o r NH. HF_ t o a n HF s o l u t i o n o f t h e a n t i m o n a t e . K_SbF-. . 2H 0 i s 
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d e s c r i b e d a s p o s s e s s i n g b r i g h t b e a u t i f u l c r y s t a l s t h a t a r e p r e s e r v e d 
w e l l i n a i r u n l e s s t h e a i r i s v e r y h u m i d . A t 9 0 ° C i t . d i s s o l v e s i n 
i t s w a t e r o f c r y s t a l l i z a t i o n , t h e n r e s o l i d i f i e s , l o s i n g b o t h H^O a n d 
H F , t o a p r o d u c t t h a t d o e s n o t c o m p l e t e l y d i s s o l v e i n w a t e r . O t h e r 
s a l t s c o n t a i n i n g s e v e n f l u o r i d e a t o m s a r e K SbF „ H O , (NH ) SbF . 
2 I 2 4 2 7 
1 /2 H 2 0 a n d ( q u i n i n e . H) SbF^ ( 1 4 ) . T h e s t r u c t u r e s o f t h e s e s a l t s 
a r e u n k n o w n a n d t h e r e f o r e i t i s n o t c e r t a i n t h a t t h e a n t i m o n y h a s 
c o o r d i n a t i o n n u m b e r sEVEN. 
S t u d i e s o f h e p t a c h l o r o a n t i m o n a t e s a l t s h a v e p r o v i d e d 
e v i d e n c e t h a t S b ( V ) i s n o t s e v e n c o o r d i n a t e . T h e s a l t s M g S b C l ^ , 
F e S b C l c a n d C r S b C l 0 a r e k n o w n , b u t t h e y can. be s h o w n t o c o n t a i n t h e o o 
S b C l . i o n a n d c a n b e s t be w r i t t e n a s C I M g S b C l , , C K F e S b C l , a n d 6 6 2 6 
C l - C i r S b C l ^ ( 1 4 ) s i n c e AgNO^ w i l l p r e c i p i t a t e o n e c h l o r i d e , t w o c h l o r i d e s 
a n d t w o c h l o r i d e s r e s p e c t i v e l y . 
S t r u c t u r e s i n t h e L i q u i d S t a t e . — - E v i d e n c e a b o u t t h e n a t u r e o f t h e i o n s 
i n s o l u t i o n i s l e s s d e f i n i t e t h a n i n t h e s o l i d s t a t e , b u t a l l o f t h e 
e v i d e n c e s u p p o r t s t h e v i e w t h a t t h e a n t i m o n y ( V ) i s s i x - c o o r d i n a t e a n d 
o c t a h e d r a l . T h e b e s t p i e c e o f e v i d e n c e a r i s e s f r o m t h e Raman s p e c t r a 
w o r k o n S b C l ^ b y R e d l i c h ( 1 5 , 1 6 ) . B r i n t z i n g e r ( 1 7 ) p r e s e n t s e v i d e n c e 
f o r S b ( O H ) ^ f r o m d i a l y s i s e x p e r i m e n t s , b u t t h e v a l i d i t y o f h i s 
m e t h o d s h a s b e e n q u e s t i o n e d by S o u c h a y ( 1 8 ) . N e v e r t h e l e s s S o u c h a y a n d 
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P E S C H A N S K I ( 1 9 ) FROM L I G H T A B S O R P T I O N M E A S U R E M E N T S , AGREE THAT 
S B ( O H ) ^ I S THE P R E D O M I N A N T S B ( V ) S P E C I E S AT H I G H P H „ 
H O F F M A N , H O L D E R , AND J O L L Y ( 2 0 ) S T U D I E D T H E NUCLEAR M A G N E T I C 
RESONANCE MOMENTS OF L I Q U I D S B F , - , AND SUGGESTED THAT SBF,- C O N S I S T S OF 
LONG C H A I N S of OCTAHEDRAL S B F ^ G R O U P S , EACH GROUP S H A R I N G TWO OF I T S 
F L U O R I N E ATOMS W I T H TWO N E I G H B O R S * T H E Y A L S O SUGGESTED THAT THERE ARE 
THREE GROUPS OF F L U O R I N E A T O M S , E A C H P O S S E S S I N G D I F F E R E N T I O N I C 
CHARACTER„ 
S B F AND THE H E X A F L U O A N T I M O N A T E S . - - T H E A L K A L I AND AMMONIUM FLUORO 
S A L T S CAN BE PREPARED BY A D D I N G A L K A L I OR AMMONIUM H Y D R O X I D E TO AN H F 
S O L U T I O N OF SBF, . ( 2 1 ) . A L T H O U G H T H E P R E P A R A T I O N APPEARS S I M P L E , AND 
I N D E E D I T CAN B E , THERE ARE I N H E R E N T D I F F I C U L T I E S W H I C H A R I S E WHEN 
E V A P O R A T I N G A S O L U T I O N THAT C O N T A I N S SBF L . I N H F . FOR T H I S REASON A 
j 
B R I E F R E V I E W OF T H E C H E M I S T R Y OF SBF,- I S I N C L U D E D H E R E . 
MEL LOR ( 2 . 2 ) PRESENTS AN E X C E L L E N T R E V I E W OF T H E E A R L Y WORK P E R ­
FORMED W I T H SBF,- AND I T S S A L T S . A L T H O U G H THE C L E A N E S T M E T H O D , U N ­
D O U B T E D L Y , I S THE D I R E C T U N I O N OF T H E E L E M E N T S , T H E DRAWBACKS TO T H I S 
METHOD ARE O B V I O U S . FROM M E L L O R ' S R E V I E W I T CAN BE A S C E R T A I N E D THAT 
EARLY A T T E M P T S TO PREPARE S B F Q BY E V A P O R A T I N G A S O L U T I O N OF S B ^ O ^ I N 
HF WERE U N S U C C E S S F U L U N T I L M A R I G N A C E V A P O R A T E D THE S O L U T I O N I N VACUO 
TO O B T A I N A GUMMY M A S S . R U F F AND P L A T O ( 2 3 ) P R E P A R E D S B F BY B O I L I N G 
AT 2 5 - 3 0 ° C A M I X T U R E OF H F AND S B F ^ S A T U R A T E D W I T H C H L O R I N E , D I S T I L L I N G 
OFF THE H F , AND T H E N C O L L E C T I N G THE S B F AT I T S B O I L I N G P O I N T , W H I C H 
THEY REPORTED AS 1 5 0 ° C „ R U F F ( 2 4 ) , I N V E S T I G A T I N G THE COMPOUND F U R T H E R , 
N O T I C E D U N E X P E C T E D L Y LARGE AMOUNTS OF S B F AT. 1 0 0 ° C AND T H E R E F O R E , 
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s u s p e c t e d a n a z e o t r o p e . S h a i r a n d S c h u r i g (2,5) , w h o s t u d i e d t h e v a p o r -
l i q u i d e q u i l i b r i u m o f SbF^ i n H F S p r e p a r e d SbF^. v i a P e r k i n s a n d 
I r w i n ' s m e t h o d ( 2 6 )
 9 i . e . «, t h e y b u b b l e d e x c e s s HF i n t o S b C l ^ „ S h a i r 
a n d S c h u r i g f o u n d m i x t u r e s o f SbF,_ . xHF ( x = 0 - 5 ) b u t n o a z e o t r o p e
 3 i n 
a n o n - i d e a l s y s t e m . One m i g h t e x p e c t t h a t s i n c e t h e b o i l i n g p o i n t s o f 
t h e t w o l i q u i d s a r e v a s t l y d i f f e r e n t ( S b F ^ b o i l s a t l 4 2 e ! 7 ° C ; HF a t 
1 9 . 4 ° C ) , HF w o u l d be a l m o s t c o m p l e t e l y e v a p o r a t e d b e f o r e SbF^ w o u l d 
e x e r t a n y v a p o r p r e s s u r e , h o w e v e r t h e r e i s a p p r e c i a b l e SbF i n t h e 
v a p o r ( a p p r o x . 9 „ 0 p e r c e n t ) w h e n t h e l i q u i d c o n t a i n s 50 m o l e p e r c e n t 
o f e a c h . T h e y a t t r i b u t e d t h e n o n i d e a l i t y t o t h e d i s p a r i t y i n t h e s i z e 
t h e a s s o c i a t i o n o f HF m o l e c u l e s a n d h y d r o g e n b o n d i n g b e t w e e n HF a n d 
T h e a c i d s t r e n g t h o f SbF^ w a s d e m o n s t r a t e d b y C l i f f o r d , 
B e a c h e l l 9 a n d J a c k ( 2 7 ) y who o b s e r v e d t h a t SbF,. w a s t h e s t r o n g e s t a c i d 
among t h e t w e n t y - o d d f l u o r i d e s t h e y i n v e s t i g a t e d . T h e i r d e m o n s t r a t i o n 
c o n s i s t e d o f d e t e r m i n i n g t h e s o l u b i l i t y o f t h e f l u o r i d e s i n HF ( S b F 
d i s s o l v e d e x o t h e r m a l l y ) 9 o b s e r v i n g t h e a b i l i t y o f t h e HF s o l u t i o n t o 
d i s s o l v e v a r i o u s m e t a l s a n d t h e n c l a s s i f y i n g t h e f l u o r i d e s a s t o a c i d 
s t r e n g t h . T h i s f a c t c a n be u s e d t o a d v a n t a g e i n p r e p a r i n g some o f t h e 
s a l t s o f S b F ^ , i . e .
 9 SbF ^ c a n r e a c t w i t h t h e s a l t o f a w e a k e r a c i d . 
F o r e x a m p l e . R u f f ( 2 8 ) p r e p a r e d NOSbF b y w a r m i n g N O A s F . w i t h SbF . 
o f t h e m o l e c u l e s , t h e f o r m a t i o n o f a n SbF 5 5HF s o l v a t e b e l o w 7 0 ° C , 
SbF 
NOAsF + SbF 5 = NOSbF 6 
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T h e a l k a l i h e x a f l u o a n t i m o n a t e c a n b e p r e p a r e d b y h e a t i n g NOSbF^ w i t h 
t h e m e t a l f l u o r i d e ( 2 9 ) . 
W o o l f a n d E m e l e u s ( 2 9 ) u s e d a f l u o r i n a t i n g a g e n t 9 B r F ^ t o i n t e r ­
a c t w i t h t h e m e t a l h a l i d e a n d Sb^O^ t o p r e p a r e t h e i r s a l t s . 
Q u a l i t a t i v e F e a t u r e s o f H y d r o l y s i s . - - A r m e d w i t h t h e e v i d e n c e t h a t S b ( V ) 
i s s i x - c o o r d i n a t e , we p r o c e e d t o t h e p r e l i m i n a r y d i s c u s s i o n o f t h e 
h y d r o l y s i s r e a c t i o n . L a n g e a n d A s k i t o p o u l u s ( 3 0 ) d i s s o l v e d v a r i o u s 
a l k a l i s a l t s o f H S b F , i n w a t e r a n d f o u n d t h a t t h e s o l u t i o n s w e r e 
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a c i d i c ; t h e r e f o r e , t h e y c o n c l u d e d t h a t h y d r o l y s i s t o o k p l a c e a n d t h a t 
t h e s y s t e m w o u l d be e x p e c t e d t o r e a c t a c c o r d i n g t o t h e f o l l o w i n g s c h e m e 
[ S b F 6 ] " ^ [ S b F x ( 0 H ) 6 _ x ] ~ ^ [ S b ( 0 H ) 6 ] ~ 
T h e r e p o r t e d i n t e r m e d i a t e p r o d u c t s o f t h e h y d r o l y s i s r e a c t i o n 
v a r y , d e p e n d i n g o n e n v i r o n m e n t a n d t i m e o f a n a l y s i s . Some i n f o r m a t i o n 
o n t h e i n t e r m e d i a t e s i s a v a i l a b l e f r o m p r e p a r a t i v e w o r k r e p o r t e d i n 
t h e l i t e r a t u r e . 
T h u s M a r i g n a c ( 3 1 ) r e p o r t e d a s a l t r e s u l t i n g f r o m t h e h y d r o l y s i s 
o f N a S b F . h a d t o h a v e t h e f o r m u l a N a F „ S b O F „ . H o 0 , o r i n m o d e r n n o t a t i o n , 6 3 2 ' ; 
N a S b F ^ ( 0 H ) 2 „ H o w e v e r , K o l d i t z a n d R e h a k ( 3 2 ) , a n a l y z i n g a s a l t p r e ­
p a r e d b y M a r i g n a c °s m e t h o d i d e n t i f i e d i t a s NaSbF,-OH. S i m i l a r l y t h e 
C s F . S b F 4 ( 0 H ) d e s c r i b e d by W e l l s a n d M e p z g e r ( 3 3 ) w a s i d e n t i f i e d a s 
C s S b F ^ . T h e a p p a r e n t d i s c r e p a n c i e s may i n p a r t b e d u e t o d i s r e g a r d o f 
t h e t i m e a l l o w e d f o r h y d r o l y s i s i n o t h e r w i s e i d e n t i c a l p r e p a r a t i v e 
p r o c e d u r e s . 
I n t h e e x p e r i m e n t s t o be r e p o r t e d i n t h i s t h e s i s t h e r e i s a 
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d i f f e r e n c e i n t h e n a t u r e o f t h e s t a r t i n g s p e c i e s , b e y o n d t h e f a c t t h a t 
S b C l ^ i s t h e c o m p l e x i n o n e c a s e , a n d S b F ^ t h e c o m p l e x i n t h e o t h e r . 
B e c a u s e o f t h e t h e r m o d y n a m i c i n s t a b i l i t y o f S b C l ^ i n s o l u t i o n s o f 
l o w C I c o n c e n t r a t i o n , a n d b e c a u s e t h e c o n c e n t r a t i o n o f S b C l ^ c a n b e 
d e t e r m i n e d s p e c t r o p h o t o m e t e r i c a l l y , t h e S b C l ^ c a n b e i n t r o d u c e d i n t o 
t h e r e a c t i o n f r o m a s t o c k s o l u t i o n o f S b ( V ) i n c o n c e n t r a t e d HC1.. T h e 
s p e c i e s u n d e r g o i n g r e a c t i o n i s t h e n t h e o c t a h e d r a l c o m p l e x S b C l ^ , 
a s i t e x i s t s i n s o l u t i o n . S i n c e S b F , d o e s n o t a b s o r b u l t r a - v i o l e t 
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r a d i a t i o n a s d o e s S b C l . . , t h e s p e c t r o p h o t o m e t r y m e t h o d p o s s i b l e w i t h . 
D 
t h e l a t t e r c a n n o t b e u s e d w i t h t h e f o r m e r . T h e r a t e o f r e a c t i o n o f 
S b F ^ i s f o l l o w e d b y t i t r a t i o n o f t h e r e l e a s e d f l u o r i d e i o n . T h i s 
m e t h o d d o e s n o t p e r m i t t h e i n t r o d u c t i o n o f S b F ^ f r o m a s t o c k s o l u t i o n 
i n H F S b u t r e q u i r e s t h a t i t b e i n t r o d u c e d a s a s o l i d s a l t . H e n c e t h e 
i n i t i a l r e a c t i o n m a y b e t h a t o f S b F ^ a s i t d i s s o l v e s f r o m t h e 
l a t t i c e . I t i s f o r t h i s r e a s o n t h a t s o m e a t t e n t i o n h a s b e e n g i v e n i n 
t h e p r e v i o u s d i s c u s s i o n t o t h e c r y s t a l s t r u c t u r e s o f t h e s o l i d s t a t e 
h e x a f l u o a n t i m o n a t e s s w h i l e d i s c u s s i o n o f t h e c o r r e s p o n d i n g h e x a c h l o r o -
a n t i m o n a t e s h a s b e e n o m i t t e d . 
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CHAPTER I I 
EXPERIMENTAL 
P r e p a r a t i o n o f KSbF^ and NaSbF 6 
The p r e p a r a t i o n o f t h e f l u o r i d e s a l t s f o r t h e h y d r o l y s i s ex ­
p e r i m e n t i s b a s i c a l l y t h a t o f M a r i g n a c ( 2 1 ) . S o l u t i o n o f t h e p r o p e r 
a n t i m o n a t e i n HF and e v a p o r a t i o n o f t h e e n s u i n g s o l u t i o n p r o d u c e s t h e 
h e x a f l u o a n t i m o n a t e . SbF^ i s p r e s e n t o n l y i f t h e s o l v e n t c o n t a i n s 40 
per c e n t o r more HF. I f t h e r e i s l e s s t h a n 40 p e r c e n t HF, t h e s a l t 
w i l l be a h y d r o x o - h a l o compound. M a r i g n a c ( 1 3 ) d e s c r i b e s KSbF^ as n o n -
d e l i q u e s c e n t and NaSbF^ as d e l i q u e s c e n t . 
An e a r l y a t t e m p t t o p r e p a r e KSbF^ by o x i d a t i o n o f an HF s o l u t i o n 
o f S b , ^ and KF w i t h H^O^ r e s u l t e d i n a p r o d u c t t h a t c o n t a i n e d 4 . 2 
per c e n t S b ( I I l ) . A n o t h e r e x p e r i m e n t f o l l o w e d ? ^ 2 ^ 3 was d i s s o l v e d 
i n KOH ( a p p r o x i m a t e l y 6 N..) a n d t r e a t e d w i t h H^O^; t h e r e a c t i o n p r o ­
ceeded v i g o r o u s l y . A b e a k e r i n v e r t e d o v e r t h e r e a c t i o n v e s s e l c o l ­
l e c t e d a w h i t e powdery s o l i d w h i l e s t a n d i n g o v e r n i g h t . Q u a l i t a t i v e 
a n a l y s i s showed t h a t a n t i m o n y was p r e s e n t i n t h i s s o l i d . A n t i m o n a t e 
was r e c o v e r e d f r o m t h e r e a c t i o n v e s s e l and t r e a t e d w i t h HF t o g i v e 
KSbFg. The y i e l d was p o o r , and t h e p r o d u c t c o n t a i n e d some S b ( l l l ) . 
The p r o c e d u r e f i n a l l y a d o p t e d was t h e f o l l o w i n g . 0 .05 mo le 
o f Sb^O^ was mixed w i t h 0 . 1 1 mole (10% e x c e s s ) o f s o l i d KOH, and H^C^ 
was added s l o w l y , a few m l „ a t a t i m e . The v e r y v i g o r o u s and 
e x o t h e r m i c r e a c t i o n was c a r r i e d o u t i n a g l a s s b e a k e r as i t b l i s t e r e d 
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one made f r o m p o l y e t h y l e n e . 
D u r i n g t h e r e a c t i o n t h e i n i t i a l powdery Sb^O^ was c o n v e r t e d 
t o a p o r o u s , more c a l c i n e d , s o l i d . ^2^2 t r e a t m e n t c o n t i n u e d u n t i l 
r e a c t i o n was no l o n g e r p r e v a l e n t , whereupon 10 m l . more o f H^O^ was 
added and t h e m i x t u r e l e f t s t a n d i n g f o r a t l e a s t t h r e e h o u r s . The 
l i q u i d was d e c a n t e d o f f and w i t h i t d i s a p p e a r e d any excess o f t h e 
p o t a s s i u m i o n s . The r e m a i n i n g s o l i d was t r a n s f e r r e d t o a p o l y e t h y l e n e 
beaker and t o i t was added 65 m l . o f 48 per c e n t HF. A f t e r h e a t i n g 
on a s team b a t h under a hood f o r 30 m i n u t e s most, o f t h e s o l i d d i s ­
s o l v e d ; h o w e v e r , there , r e m a i n e d a s l i g h t ; y e l l o w i s h r e s i d u e ( p o s s i b l y 
Sb^O^) w h i c h was f i l t e r e d o f f . The c l e a r s o l u t i o n was e v a p o r a t e d t o 
a vo lume o f 20 m l . and c o o l e d . A w h i t e c r y s t a l l i n e s u b s t a n c e ap­
peared* T h i s was r e c r y s t a l 1 i z e d t w i c e f r o m 48 per cent. HF, d r i e d on 
f i l t e r paper and p l a c e d i n a p o l y e t h y l e n e beaker w i t h i n a d e s i c c a t o r . 
I n a d d i t i o n t o CaCl^ and s i l i c a g e l t h e d e s i c c a t o r c o n t a i n e d s o l i d 
NaOH. t o n e u t r a l i z e any HF p r e s e n t as t h e s a l t s t i l l had t h e odor o f 
HF c l i n g i n g t o i t . The. NaOH p e l l e t s were r e p l a c e d a f t e r each t r e a t ­
ment o f t h e s a l t w i t h HF. A n a l y s i s o f t h e s a l t showed 
C a l c u l a t e d % Found "k A v g . 
Sb 4 4 , 3 0 4 3 , 0 2 , 4 3 . 0 4 4 3 . 0 3 
F 4 1 . 5 0 4 1 , 6 9 , 4 2 . 2 9 4 1 . 9 9 
R a t i o F/Sb 6 .0 6 .3 
A f t e r t h r e e days i n t h e d e s i c c a t o r , t h e s a l t no l o n g e r p o s ­
sessed t h e odor o f HF and d i s s o l v e d r a p i d l y i n w a t e r , HC1 or NaOH. 
s o l u t i o n . I n about t h r e e weeks t h e KSbF. became d i f f i c u l t t o 
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d i s s o l v e i n w a t e r o r a c i d and s l i g h t l y l e s s d i f f i c u l t t o d i s s o l v e i n 
base . A n a l y s i s o f t h e s a l t t h e n showed i 
C a l c u l a t e d % Found % A v g . 
Sb 4 4 , 3 0 4 4 . 1 0 , 4 4 . 0 1 ^4 .05 
F 4 1 . 5 0 4 0 . 2 6 , 4 1 . 4 8 4 0 . 8 7 
R a t i o Sb/F 6 . 0 5 .9 
R e c r y s t a l l i z a t i o n o f t h i s s a l t f r o m HF caused i t t o a g a i n d i s s o l v e 
r e a d i l y i n w a t e r o r a c i d . H e a t i n g on t h e steam b a t h f o r f i f t e e n 
m i n u t e s made t h e s a l t d i f f i c u t t o d i s s o l v e . A f t e r r e c r y s t a l l i z a t i o n 
f r o m HF, d r y i n g on f i l t e r paper and p l a c e m e n t i n t h e d e s i c c a t o r ' f o r 
t h r e e d a y s , t h e s a l t r e a d i l y d i s s o l v e d i n H^O. 
B y ^ d i f f i c u l t t o d i s s o l v e ^ i s meant t h a t a l l . o f t h e s a l t does 
n o t d i s s o l v e i m m e d i a t e l y . A good p o r t i o n of: i t s u r e l y does ; h o w e v e r , 
t h e r e s t may go i n t o s o l u t i o n o n l y a f t e r v i g o r o u s s h a k i n g f o r as l o n g 
as f i f t e e n m i n u t e s , o r i t may n o t go i n at. a l l , even, a f t e r h e a t i n g . 
D i s r e g a r d i n g a l l o t h e r a g i n g f a c t o r s , two f a c t o r s w o u l d appear t o i n ­
f l u e n c e t h e ease o f s o l u t i o n . The f i r s t w o u l d be t h a t i t depends on 
a s l i g h t excess o f HF w h i c h w o u l d l i k e l y c l i n g t o t h e c r y s t a l s u r f a c e 
and t h e s e c o n d , more p l a u s i b l e o n e , i s t h a t o v e r a p e r i o d of t i m e , 
e i t h e r by r e p e a t e d e x p o s u r e t o t h e a t m o s p h e r e o r by r e a c t i o n w i t h a 
v e r y m i n u t e amount o f w a t e r v a p o r i n t h e d e s i c c a t o r t h e KSbF^ p i c k s up 
enough w a t e r t o f o r m some Sb-O-Sb b o n d s . 
A n t i m o n y i n some f o r m was l o s t d u r i n g the. e v a p o r a t i o n o f t h e 
HF-KSb(OH). s o l u t i o n . T h i s was most e v i d e n t f r o m t h e f o r m a t i o n on t h e 
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window o f t h e hood o f a s o l i d w h i c h c o n t a i n e d a n t i m o n y „ Upon 
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P R E P A R I N G N A S B F ^ , U S I N G T H E SAME METHOD AS FOR K S B F ^ , T H E S O L I D D E ­
P O S I T E D ON THE WINDOW MORE PROFUSELY. , T H E LOSS OF A N T I M O N Y MAY BE 
A T T R I B U T E D TO T H E V O L A T I L I Z A T I O N OF E I T H E R S B F C OR SBF, . . X H F . S H A I R 
J J 
AND S C H U R I G L I S T T H E VAPOR PRESSURE OF S B F ^ AT 1 0 6 , 1 ° C AS 2 1 6 . 9 MM. 
H G . I N S O L U T I O N W I T H H F AND H ^ O , THERE I S L I T T L E TO HE G A I N E D FROM 
T H I S V A L U E EXCEPT, THAT SBF, . COULD EXERT A S L I G H T V A P O R PRESSURE 
W H I C H , OVER A P E R I O D OF HOURS ON T H E S T E A M B A T H , COULD ACCOUNT FOR 
THE. LOSS OF A N T I M O N Y . 
T H E RECOVERY OF N A S B F ^ WAS SMALL COMPARED TO K S B F ^ AND A F T E R 
STORAGE I N THE D E S I C C A T O R FOR A P E R I O D OF A WEEK IT. WAS FOUND THAT THE 
S O D I U M S A L T R E A C T E D W I T H THE WATER V A P O R I N T H E A I R V E R Y S L O W L Y . T H E 
P O T A S S I U M S A L T I S NOT SO D E L I Q U E S C E N T ; HOWEVER, I T W I L L G A I N W E I G H T 
I F P E R M I T T E D TO R E M A I N EXPOSED TO T H E ATMOSPHERE OVER PROLONGED 
P E R I O D S . MORE P R E C I S E L Y , T H E S A L T ° S G A I N I N W E I G H T WAS 0 . 1 PER CENT 
OVER A P E R I O D OF THREE HOURS. 
ONE FURTHER R E S U L T WAS O B S E R V E D . T H E S O D I U M S A L T , W H I C H WAS 
CRYSTAL CLEAR WHEN P L A C E D I N THE D E S I C C A T O R , HAD AN E S T I M A T E D 2 5 PER 
CENT C O N V E R S I O N TO A B L A C K M A T E R I A L . T H E P O L Y E T H Y L E N E B E A K E R , W H I C H 
C O N T A I N E D THE C R Y S T A L S , TURNED COAL B L A C K AND HAD AN ODOR OF C A R A M E L . 
T H E P O T A S S I U M S A L T , W H I C H WAS W H I T E , POSSESSED A G R A Y I S H T I N T A F T E R 
STORAGE AND A L S O HAD A F A I N T , CARAMEL ODOR, I N ONE OF T H E SEVERAL 
P R E P A R A T I O N S . I N BOTH CASES THE DARK M A T E R I A L D I S S O L V E D R E A D I L Y . 
A N A L Y T I C A L METHODS 
A N A L Y T I C A L PROCEDURES WERE N E C E S S A R Y FOR T H E F O L L O W I N G PURPOSES 
( 1 ) D E T E R M I N A T I O N OF THE. C O M P O S I T I O N OF I S O L A T E D COMPOUNDS AS A 
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means o f v e r i f i c a t i o n o f t h e i r i d e n t i t y , and (2 ) d e t e r m i n a t i o n , o f t h e 
c o n c e n t r a t i o n o f f r e e f l u o r i d e i o n d u r i n g t h e h y d r o l y s i s o f SbF^. . 
A n a l y s i s f o r F l u o r i d e i n J L s o l a t e d Compounds.—-The f l u o r i n e was f i r s t 
v o l a t i l i z e d as f l u o s i l i c i c a c i d , u s i n g A r m s t r o n g ' s m o d i f i c a t i o n (38) 
of t h e method o f W i l l a r d and W i n t e r ( 3 9 ) . Steam was passed t h r o u g h 
t h e s o l u t i o n o f t h e compound i n HCIO^ r a t h e r t h a n u s i n g t h e d r o p p i n g 
f u n n e l as s u g g e s t e d by W i l l a r d and W i n t e r , I n o r d e r t o g i v e more 
p r e c i s e r e s u l t s i t became n e c e s s a r y t o p e r f o r m t h e t i t r a t i o n i n an 
aqueous medium a d o p t i n g a n o t h e r m o d i f i c a t i o n by A r m s t r o n g (40) w h i c h 
was f o u n d by Rowley and C h u r c h i l l ( 4 1 ) t o g i v e a d e f i n i t e end p o i n t 
when between one and f i f t y mg. of f l u o r i n e i s p r e s e n t . A b u f f e r e d 
s o l u t i o n i s e s s e n t i a l and i s p r e p a r e d f r o m sod ium h y d r o x i d e and 
c h l o r o a c e t i c a c i d f o l l o w i n g £he i n s t r u c t i o n s o f C h a r i o t and B e z i e r ( 4 2 ) . 
The a c t u a l p r o c e d u r e i s d e s c r i b e d i n t h e f o l l o w i n g p a r a g r a p h . 
To a w e i g h e d sample o f KSbF^ i n a v o l u m e t r i c f l a s k i s added d i s t i l l e d 
w a t e r up t o t h e m a r k . A 5 .0 m l . a l i q u o t i s t r a n s f e r r e d t o a d i s t i l l ­
i n g p o t t h a t c o n t a i n s 10 m l . o f H O , 15 m l . o f c o n c e n t r a t e d HC10 
and p i e c e s o f b r o k e n g l a s s , a l l a t a t e m p e r a t u r e o f 135°C. Two 60 m l . 
p o r t i o n s o f d i s t i l l a t e a r e c o l l e c t e d i n s e p a r a t e 125 m l . E r l e n m e y e r 
f l a s k s . To t h e s e a r e added s i x d r o p s o f 0 .05 per c e n t aqueous sod ium 
a l i z a r i n s u l f o n a t e s o l u t i o n as i n d i c a t o r . D i l u t e HC1 o r NaOH i s 
added u n t i l t h e p i n k c o l o r o f t h e i n d i c a t o r d i s a p p e a r s . Then 2 .5 m l . 
o f b u f f e r s o l u t i o n i s added . The f l u o r i d e i s t i t r a t e d w i t h a 
Th (N0.p 4 s o l u t i o n w h i c h i s a p p r o x i m a t e l y 0 . 0 1 LfcL, u n t i l t h e p i n k c o l o r 
matches t h a t o f a b l a n k . S i n c e t h e p i n k c o l o r o f t h e b l a n k i n c r e a s e s 
i n i n t e n s i t y upon, s t a n d i n g f r e s h s o l u t i o n s were p r e p a r e d f r e q u e n t l y . 
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A n a l y s i s f o r Antimony i n I s o l a t e d Compounds»--Analysis f o r antimony— 
( I I I ) was n e c e s s a r y t o d e t e r m i n e t h e amount of S b ( I I l ) t h a t was n o t 
o x i d i z e d t o Sb(V) i n t h e p r e p a r a t i o n of t h e h e x a f l u o a n t i m o n a t e from 
Sb^O^. The method u s e d was t h a t of F a l e s and Kenny ( 4 3 ) , i n v o l v i n g 
t i t r a t i o n w i t h I ^ in n e u t r a l s o l u t i o n . A weighed sample of s a l t was 
d i s s o l v e d i n w a t e r . A f t e r h e a t i n g , t h r e e g. of t a r t a r i c a c i d i n f i v e 
ml . of w a t e r was a d d e d , and t h e h e a t i n g of t h e s o l u t i o n was c o n t i n u e d 
f o r f i v e m i n u t e s more . T h e r e a f t e r , t h e s o l u t i o n was c o o l e d , d i l u t e d 
wich f i f t y ml . of d i s t i l l e d w a t e r , n e u t r a l i z e d w i t h NH^OH, t r e a t e d 
w i t h f i v e grams of sodium b i c a r b o n a t e and t i t r a t e d w i t h a s t a n d a r d 
i o d i n e s o l u t i o n t o an end p o i n t enhanced by t h e a d d i t i o n of t h r e e ml . 
of l7o s t a r c h s o l u t i o n . 
The method a t t e m p t e d f o r d e t e r m i n a t i o n of ant imony (V) was 
b a s i c a l l y t h a t d e s c r i b e d by W i l l a r d and Dieh l ( 4 4 ) , in which Sb(V) 
o x i d i z e s i o d i d e i n s t r o n g a c i d , and t h e l i b e r a t e d i o d i n e i s t i t r a t e d 
w i t h t h i o s u l f a t e . The KSbF, i s d i s s o l v e d i n enough c o n c e n t r a t e d HC1 
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t o m a i n t a i n a c o n c e n t r a t i o n in t h e v i c i n i t y of 3 M a t t h e end of t h e 
t i t r a t i o n . One gram of sodium b i c a r b o n a t e , added i n f o u r p o r t i o n s , 
c r e a t e s a c a r b o n d i o x i d e a t m o s p h e r e . T h i s s t e p i s f o l l o w e d i m m e d i a t e ­
ly by t h e a d d i t i o n of one gram of p o t a s s i u m i o d i d e i n t h r e e ml . of 
d i s t i l l e d w a t e r . The f l a s k i s t h e n s t o p p e r e d t o p r e v e n t a i r o x i d a ­
t i o n of i o d i d e . The r e s u l t i n g s o l u t i o n i s t i t r a t e d w i t h a s t a n d a r d 
Na^S^O^ s o l u t i o n t o t h e d i s a p p e a r a n c e of t h e i o d i n e - s t a r c h b l u e c o l o r . 
A l t h o u g h t h e method g i v e s s a t i s f a c t o r y r e s u l t s f o r s o l u t i o n s p r e 
p a r e d from ant imony p e n t a c h l o r i d e , c o m p l i c a t i o n s a r i s e when t h e s o l u ­
t i o n i s p r e p a r e d from KSbF, , or when f l u o r i d e i on i s p r e s e n t . The 
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observed end point always gives a low value for antimony and is not 
reproducible. On further standing of a titrated solution in a carbon 
dioxide atmosphere9 the deep blue color of the starch complex returns 
indicating that more iodine is being formed. Comparison with a blank 
demonstrated that this increase could not be attributed to air oxida­
tion. 
This suggested that SbF^ and/or other fluo-complexes did not 
oxidize iodide to iodine, either for thermodynamic or kinetic reasons. 
Three sets of experiments were performed to gain more information on 
the interference by fluoride ion, and to find means of eliminating the 
interference. In each set of tests a solution containing Sb(V) in 
concentrated HC1 was prepared and titrated by the procedure already 
described. (The antimony came from stock solutions of antimony 
pentachloride in Concentrated HC1.) Since there is no interference 
under these conditions this titration is taken to be a measure of the 
amount of antimony present. In other tests additional substances 
were added in the sequence listed before beginning the titration. Un­
less time intervals between additions are specififed the substances are 
added one after another at normal working speed. Some, of the results 
are as follows" 
Test No. Solution Titrated mis. S2°3 °^ D e v i - a t i o n 
la 10 ml. stock solution I 
3 ml. concentrated HC1 34,20 
lb Same as la, plus 2,5 
grams tartaric acid 34, 18 
lc Same as La 9 plus 0.30 
grams of NH HF 30.30 
4 Z 
Id Same as La 9 plus 2.5 
grams tartaric acid, 0.30 
grams NH HF 27.58 
£f z 
le 5 m l . of stock solution I I 
6 ml. concentrated HC1 
0.15 grams of NH HF , 15 ml. 
of 1 . 0 1 A 1 C L 15.68 
2a 5 m l . o£ stock solution II 
3 ml. of concentrated HC1 24.90 
2b Same as 2a 24.85 
2c Same as 2a 5 plus 1 gram 
C a C l 2 in 5 ml. H ^ 24.90 
2d Same as 2c 24.90 
2e Same as 2a 3 plus 0.25 gram 
N H ^ H F ^ 1 gram C a C l 2 in 5 ml. 
H 2 0 11.30 
2f Same as 2e 10„95 
2g Same as 2e.; but heated on a 
steam bath for one hour 
before titrating 1.5.67 
2h Same as 2a 3 plus 0.25 gram 
N H ^ H F ^ 3 grams C a C l 2 in 5 ml. 
H O ; allowed to stand 2 days21o42 
After 6 hours more 23.02 
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3a 5 m l . o f s t o c k s o l u t i o n I I I 
3 m l . c o n c e n t r a t e d HC1 25.07 - — 
3b Same as 3a 0 p l u s 
1 gram H BO i n 5 m l . H O 25 .02 
3c Same as 3b 24 .83 1.0 
3d Same as 3a , p l u s 
0 .25 gram NH,HF 4 I 
A l l o w e d t o s t a n d 2 h o u r s b e f o r e 
t i t r a t i n g 19.68 21 .6 
3e Same as 3 d , b u t 1 gram of 
H 3 B 0 3 i n 5 m l . o f H ^ added a f t e r 
t h e 2 h o u r s o f s t a n d i n g 23 .98 4 . 3 
3f Same as 3e , b u t t h e s o l u t i o n was 
h e a t e d j u s t be low b o i l i n g f o r 
5 m i n . a f t e r a d d i t i o n o f 
H-3B0 24.68 1.6 
3g Same as 3 f 25 .06 0 .0 
The above s a m p l i n g o f e x p e r i m e n t s i n d i c a t e s t h a t t h e a d d i t i o n 
of H 3 B 0 3 f o l l o w e d by h e a t i n g s h o u l d p r o v e a v e r y s a t i s f a c t o r y method 
of t i t r a t i n g q u i n q e v a l e n t a n t i m o n y i n t h e p r e s e n c e o f f l u o r i d e i o n . 
The p e r c e n t a g e e r r o r i n t h i s method i s n o r m a l l y l e s s t h a n two per 
c e n t . 
I n a d d i t i o n , t h e above e x p e r i m e n t s g i v e some i n d i c a t i o n of t h e 
p r o c e s s t h a t i s t a k i n g p l a c e . E v i d e n t l y t h e f l u o r i d e i o n complexes 
w i t h t h e q u i n q e v a l e n t a n t i m o n y . As t h e f l u o r i d e i s r e l e a s e d by t h e 
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antimony it may be bound to any other substance which complexes with 
fluoride. The extent to which the total fluoride is distributed be­
tween antimony and the competing reagent will be determined by the 
complexing constants. The success of H.^ BO^  in accomplishing the total 
removal of fluoride from the Sb(V) is apparently due to the greater 
stability of the fluo-complexes of boron. 
Determination of Fluoride During Hydrolysis.--The original titrations 
for fluoride ion were performed by transferring a 5 ml. aliquot (4 ml. 
for solution that contained more than 0.6 N. H.C10. ) to a 125 ml. 
u 
Erlenmeyer flask, adding 20 ml. of 95 per cent ethyl alcohol, indicator, 
buffer, enough, distilled water to maintain a volume of 50 ml. at the 
end of the titration, and titrating with ThCNO^)^. 
This method gives a well-defined end point if the volume of 
titrant is held below about ten ml. If more than this amount is need­
ed the end point becomes difficult to determine because the solution 
appears turbid and the intensity of the pink color does not seem to be 
sensitive enough to the addition of more Th(N0„), solution. The limit 
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of 10 ml. of titrant will allow adequate studies of the hydrolysis 
only for the replacement of the first and second flubrides. For 
fluoride titration in the analysis of continued hydrolysis an aqueous 
medium is necessary. In solutions that contained greater than 0.8 M 
HCIO^ before dilution it was necessary to add four ml. of buffer to 
make the final pH. of the solution, fall in the range 2.9 to 3,1 as 
determined by a Beckman pH meter. 
The advantage of the aqueous method of titration is a more 
definite end point especially when determining large values of fluoride. 
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The i n s o l u b i l i t y o f ThF^ i n a l c o h o l makes t h e s o l u t i o n t o o t u r b i d t o 
see t h e end p o i n t c l e a r l y . The d i s a d v a n t a g e o f t h e aqueous method i s 
t h e d i f f i c u l t y i n m a i n t a i n i n g t h e pH o f t h e s o l u t i o n , w i t h i n t h e e s ­
s e n t i a l l i m i t s , p a r t i c u l a r l y when t h e s o l u t i o n c o n t a i n s h i g h c o n ­
c e n t r a t i o n s o f p e r c h l o r a t e i o n . A pH o f 2 .7 a t t h e end p o i n t was 
f o u n d t o r e q u i r e up t o one m l . more t i t r a n t t h a n was r e q u i r e d between 
pH 2 .9 and 3 . 1 . The aqueous method was used f r o m t h e e l e v e n t h r u n o n . 
P e r c h l o r i c a c i d does n o t i n t e r f e r e a p p r e c i a b l y w i t h t h e t i t r a ­
t i o n o f 0 . 0 0 3 M f l u o r i d e i f t h e p e r c h l o r a t e c o n c e n t r a t i o n i s l e s s t h a n 
0 . 1 M ( 4 5 ) . The h y d r o l y s i s r u n i n t h e l o w e s t pH r a n g e was made i n 
c o n c e n t r a t i o n s o f p e r c h l o r a t e i o n t h a t were c l o s e t o t h i s v a l u e and 
i t i s p o s s i b l e t h a t t h e p e r c h l o r i c a c i d i n t e r f e r e d w i t h t h e t i t r a t i o n . 
P e r c h l o r a t e i o n g i v e s a h i g h v a l u e o f f l u o r i d e . 
An a t t e m p t i s made i n t h i s work t o adopt a s t a n d a r d method of 
a d d i n g t h e t i t r a n t ; t h e r e f o r e , t h e t i t r a n t . i s added r a p i d l y b u t d r o p -
w i s e u n t i l t h e vo lume used approaches w i t h i n one m l . o f t h e end p o i n t , 
t h e n t h e t i t r a n t i s added a t t e n d r o p s per m i n u t e . 
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CHAPTER I I I 
H Y D R O L Y S I S OF S B F . " 
6 
T H E E V I D E N C E C I T E D I N CHAPTER I STRONGLY SUGGESTS THAT 
H Y D R O L Y S I S OF S B F ^ PROCEEDS I N S T E P - W I S E F A S H I O N BY R E A C T I O N S OF THE 
TYPE 
S B F , " + H O 0 — — ^ S B F C 0 H ~ + H + + F~ 9 
6 2 5 
S B F 5 0 H ~ + H 2 0 S B F 4 ( 0 H ) 2 ~ + H + + F~ 3 
E T C . I N S O L U T I O N THE H E X A F L U O A N T I M O N A T E I O N FORMS FREE F L U O R I D E I O N 
UPON S T A N D I N G , AND I T I S E X P E C T E D THAT T I T R A T I O N OF T H I S F R E E F L U O R I D E 
W I L L G I V E THE RATES OF H Y D R O L Y S I S . T H E R E I N L I E S T H E GENERAL A T T A C K ON 
THE P R O B L E M . F U R T H E R M O R E , T H E R E P L A C E M E N T OF A F L U O R I D E I O N W I T H A 
H Y D R O X I D E I O N Y I E L D S A H Y D R O N I U M I O N W H I C H CAN BE T I T R A T E D . B E C A U S E 
OF T H E I R N A T U R E OUR E X P E R I M E N T S DO NOT I D E N T I F Y T H E OTHER PRODUCTS OF 
THE H Y D R O L Y S I S . FOR T H I S WE MUST, R E L Y ON. THE WORK OF P R E V I O U S I N ­
V E S T I G A T O R S , AND P A R T I C U L A R L Y ON K O L D I T Z AND S A R R A C H ( 4 6 ) . 
E X P E R I M E N T A L . - - T H E S A L T K S B F ^ WAS U S E D AS T H E SOURCE OF S B F ^ I O N S . 
T H E R E A C T I O N WAS BEGUN BY D I S S O L V I N G A W E I G H E D P O R T I O N OF THE S A L T I N 
A S O L U T I O N OF THE D E S I R E D C O M P O S I T I O N . T H E T I M E R E Q U I R E D FOR D I S ­
S O L U T I O N V A R I E D W I T H T H E AGE OF T H E S A L T AND THE N A T U R E OF T H E S O L U T I O N , 
AND WAS OF THE ORDER OF SEVERAL M I N U T E S . T H E RECORDED S T A R T I N G T I M E 
FOR H Y D R O L Y S I S WAS T H E T I M E OF T H E F I R S T A D D I T I O N OF S O L U T I O N TO THE 
S A L T I N A V O L U M E T R I C F L A S K . T H E F L A S K WAS T H E N THERMOSTATED AT 2 5 ° C , 
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and aliquots removed at appropriate intervals for analysis. A ti­
tration for free fluoride ions was made as soon as possible after -
solution of KSbF^ and was followed by a titration for hydronium ion 
when feasible. The time intervals for subsequent titrations varied de­
pending on the speed of reaction. For fast reactions titrations were 
made frequently until the reaction slowed down, and for slow reactions 
approximately five additional titrations were performed on the first 
day of hydrolysis, three on the second day, and one or two on the 
following days. 
The fluoride ion was titrated with standard thorium nitrate 
as described in Chapter II. The hydronium ion was titrated with 
standard sodium hydroxide. The end point was determined potentio-
metrically with a Beckman Zeromatic pH meter. 
The rate of hydrolysis was determined in solutions which were 
0.01094 M, in KSbF^, and were of varying pH. In the acidic region 
perchloric acid was chosen since the perchlorate ion would not be ex­
pected to complex with Sb(V). The extremes of acidity or basicity 
were 1.0 M in NaOH and 1.1.72 M in HC10, . 
4 
Results o£_ Fluoride Titration--In acid or neutral solution the step­
wise replacement of fluoride by hydroxide ion can be observed. When 
the free fluoride ion concentration, after subtraction of an equil­
ibrium value, is plotted vs. time, fairly distinct breaks are observed 
for the replacement of one, two, and four fluoride ions. In no case 
is replacement of more than four fluorides observed, even after 
periods as long as four months. It is not clear whether this results 
from a thermodynamic or kinetic limitation. Furthermore, polymer 
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f o r m a t i o n i n c r e a s e s t h e c o m p l e x i t y o f t h e s y s t e m a t t h i s s t a g e . 
To i n d i c a t e t h e g e n e r a l t r e n d o f t h e r e a c t i o n a p l o t o f l o g W 
v s . t i m e i s m a d e , w h e r e W i s t h e p e r c e n t o f f l u o r i d e r e m a i n i n g c o m -
p l e x e d . S e v e r a l s u c h p l o t s a r e s h o w n i n F i g u r e 1 . T h e t o t a l f l u o r ­
i d e c o n t e n t , i s c a l c u l a t e d f r o m t h e w e i g h t o f K S b F , . T h e c o n c e n t r a t i o n 
o 
o f f r e e f l u o r i d e i s f o u n d f r o m t h e f l u o r i d e t i t r a t i o n , a n d b y c o m ­
p a r i n g i t s v a l u e t o t h e t o t a l f l u o r i d e , t h e p e r c e n t f l u o r i d e r e ­
m a i n i n g c o m p l e x e d i s c a l c u l a t e d . F o r t h e s a k e o f c l a r i t y some o f t h e 
p o i n t s n e a r t h e o r i g i n a r e o m i t t e d . M o s t o f t h e r u n s a r e c o n t i n u e d 
t o t i m e s g r e a t e r t h a n t h a t s h o w n , a n d t h e c u r v e s e v e n t u a l l y a p p r o a c h 
one a n o t h e r w i t h a p p r o x i m a t e l y t h e same p e r c e n t a g e o f f l u o r i d e r e ­
m a i n i n g o n t h e a n t i m o n y . T h e r u n i n w h i c h K S b F ^ i s d i s s o l v e d i n H^O 
i s s h o w n i n F i g u r e 2 t o i l l u s t r a t e t h e d i f f e r e n c e i n t h e d a t a b e ­
t w e e n t h e f l u o r i d e t i t r a t i o n a n d t h e a c i d t i t r a t i o n . 
E v i d e n c e f o r t h e i m m e d i a t e r e m o v a l o f t h e f i r s t f l u o r i d e i s 
a b u n d a n t . T h e t i t r a t i o n o f f l u o r i d e n e v e r g a v e a v a l u e a b o v e 82 p e r 
c e n t F r e m a i n i n g , a n d a l t h o u g h t h e e a r l i e s t r e a d i n g s w e r e t a k e n 
s e v e n m i n u t e s a f t e r t h e a d d i t i o n o f s o l u t i o n t o s o l i d K S b F , , e x t r a -
fa 
p o l a t i o n t o z e r o t i m e s h o w s a b o u t o n e - s i x t h o f t h e f l u o r i d e r e p l a c e d . 
S i n c e t h e t i t r a t i o n i s p e r f o r m e d i n a b u f f e r e d m e d i u m o f pH 2 . 9 -
3 . 1 , i t may be a r g u e d t h a t t h e h y d r o l y s i s o f t h e f i r s t f l u o r i d e 
o c c u r s i n t h i s b u f f e r d u r i n g t h e t i t r a t i o n r a t h e r t h a n p r i o r t o i t . 
To c h e c k t h e b e h a v i o r i n t h e a b s e n c e o f t h e b u f f e r 0 . 4 1 6 g r a m o f 
K S b F ^ was d i s s o l v e d i n 100 m l , o f d i s t i l l e d w a t e r a n d t h e pH w a s 
d e t e r m i n e d w i t h i n a m i n u t e t o b e 2 . 6 0 ( a B e c k m a n Z e r o m a t i c pH m e t e r 
w a s u s e d ) . U s i n g 6 . 9 x 10 ^ a s t h e i o n i z a t i o n c o n s t a n t o f H F , t h e 
F I G U R E I . P L O T OF LOG W V S . T I M E ( R U N S 1 2 S 1 4 , 1 6 A N D 1 8 ) . 
5 1 0 1 5 2 0 2 5 3 0 
T I M E S DAYS 
F I G U R E 2 . P L O T OF LOG W V S , T I M E . C A L C U L A T E D FROM A C I D T I T R A T I O N AND FROM 
F L U O R I D E T I T R A T I O N . ( R U N N O . 1 1 ) . 
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c a l c u l a t e d pH v a l u e i s 2 . 5 6 f o r r e p l a c e m e n t o f t h e f i r s t f l u o r i d e . 
Our r e s u l t s c o n c u r w i t h t h o s e o f K o l d i t z a n d S a r r a c h ( 4 6 ) who c o n ­
c l u d e d t h a t SbFj-OH was p r a c t i c a l l y t h e o n l y s p e c i e s i n s o l u t i o n 
a t t h i s p o i n t o f t h e h y d r o l y s i s r e a c t i o n * 
T r e a t m e n t o f D a t a . - - T h e s i m p l e s t a s s u m p t i o n t o be made i s t h a t t h e 
s y s t e m c o n s i s t s o f s e v e r a l c o n s e c u t i v e f i r s t o r d e r o r p s e u d o - f i r s t 
o r d e r r e a c t i o n s . I f t h i s i s t h e c a s e i t s h o u l d be p o s s i b l e t o r e ­
s o l v e e a c h o f t h e c u r v e s i n F i g u r e s 1 a n d 2 i n t o i t s s t r a i g h t l i n e 
c o m p o n e n t s . 
When i t became m a n i f e s t a l l o f t h e f l u o r i d e w o u l d n o t be r e ­
p l a c e d i n a c i d i c s o l u t i o n , i t w a s d e c i d e d t h a t p e r h a p s t h e h y d r o l y s i s 
r e a c t i o n w o u l d be c o m p l e t e d a f t e r t w o - t h i r d s o f t h e f l u o r i d e was r e ­
p l a c e d s i n c e t h e r e a c t i o n b e c a m e e x t r e m e l y s l o w i n t h e a r e a o f 60 
p e r c e n t r e p l a c e d a n d 6 6 . 7 p e r c e n t r e p l a c e d i s t h e v a l u e t h a t r e p ­
r e s e n t s t;he r e p l a c e m e n t o f a n i n t e g r a l n u m b e r o f f l u o r i d e s . 
A p l o t o f l o g ( W - 3 3 ) v s t i m e w a s made b u t t h e g r a p h s d i d n o t 
g i v e g o o d r e s o l u t i o n a s t h e p l o t t i n g o f a s t r a i g h t l i n e was d i f f i c u l t . 
A l s o t h e i n t e r c e p t s a t t h e z e r o t i m e a x i s w e r e n o t a t 5 0 , 6 6 „ 7 o r 
8 3 . 3 p e r c e n t f l u o r i d e r e m a i n i n g . T h e s e i n t e r c e p t s w o u l d be r e a s o n ­
a b l e i f t h e r a t e o f h y d r o l y s i s w o u l d c h a n g e a f t e r t h e r e p l a c e m e n t 
o f a n i n t e g r a l n u m b e r o f f l u o r i d e s p e r a n t i m o n y a t o m . Among t h e 
r e a s o n s f o r f a i l u r e w e r e c o n s i d e r e d t h e f o l l o w i n g ( i ) t h e HF i n 
s o l u t i o n a t t a c k e d t h e s i l i c a t e i n t h e g l a s s v o l u m e t r i c f l a s k s , 
( 2 ) t h e s o l i d w h i c h f o r m e d d u r i n g t h e r u n s a n d a b o u t w h i c h m o r e w i l l 
be w r i t t e n l a t e r t r a p p e d o r c a r r i e d some f l u o r i d e w i t h i t . a n d ( 3 ) 
a n e q u i l i b r i u m w a s e s t a b l i s h e d . 
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The f i r s t c o n s i d e r a t i o n w o u l d n o t l i k e l y i n t e r f e r e b e c a u s e t h e 
a t t a c k o f s i l i c a t e b y HF w o u l d f o r m H ^ S i F ^ w h i c h i s e x a c t l y t h e f o r m 
o f t h e f l u o r i d e i n t h e f i r s t a n a l y t i c a l m e t h o d d e s c r i b e d i n C h a p t e r 
I I . A n y c o n t r i b u t i o n t o e r r o r b y t h e s o l i d t h a t f o r m e d w a s a l l e v i a t ­
ed b y s w i r l i n g t h e s o l u t i o n b e f o r e t a k i n g a n a l i q u o t i n o r d e r t o g e t 
a r e p r e s e n t a t i v e s a m p l e . T h e t h i r d c o n s i d e r a t i o n p r e s e n t s a m e t h o d 
o f a t t a c k t h a t c a n b e s t h e l p t o r e s o l v e t h e d a t a . 
Some o f t h e r u n s w e r e f o l l o w e d f o r m o n t h s , o t h e r s w e r e 
h e a t e d t o s p e e d u p t h e r e a c t i o n i n o r d e r t o o b t a i n a n i n f i n i t e t i m e 
r e a d i n g . V a l u e s o b t a i n e d w e r e 6 4 . 4 5 , 6 5 . 1 1 , 6 4 . 3 5 , 6 5 . 6 0 a n d 6 4 . 9 2 
p e r c e n t f l u o r i d e r e p l a c e d . 3 5 . 0 0 p e r c e n t f l u o r i d e r e m a i n i n g was 
c h o s e n a s t h e e q u i l i b r i u m p o i n t o f t h e r e a c t i o n s i n c e t h e c h o i c e o f 
a r o u n d n u m b e r g r e a t l y f a c i l i t a t e s t h e h u n d r e d s o f c a l c u l a t i o n s t h a t 
a r e n e c e s s a r y . W h i l e a d i f f e r e n c e o f 1 . 6 7 p e r c e n t may n o t a p p e a r 
t o be a g r e a t d e a l , t h e r e s u l t s w e r e g r a t i f y i n g . 
F i r s t a p l o t , was made o f l o g 2 ( W - 3 5 ) v s . t i m e . A f a c t o r 
o f t w o w a s i n c o r p o r a t e d t o g i v e b e t t e r r e s o l u t i o n o n s e m i - l o g 
p a p e r . S u c h a p l o t i s s h o w n i n F i g u r e 3 . Some o f t h e r u n s ( t h e 
o n e s i n d i s t i l l e d w a t e r a n d 1 . 1 7 M HCIO^) g a v e m u c h b e t t e r p l o t s 
b u t i t w o u l d n o t be f a i r t o c a l l t h e s e t y p i c a l r u n s n o r w o u l d t h e y 
g i v e a f a i r i n d i c a t i o n t o t h e m e t h o d o f p l o t t i n g ; t h e r e f o r e , l e t u s 
s a y t h a t t h e r u n s h o w n i s a t y p i c a l r u n . T h e p o i n t s a r e p l o t t e d a n d 
t h e n a t w o p e r c e n t e r r o r i n t i t r a t i o n i s a s s u m e d , i . e . , i f 1 0 . 0 0 
m l . o f t i t r a n t i s u s e d , t h e n i t i s a s s u m e d t h a t t h e c o r r e c t v a l u e i s 
1 0 . 0 0 ± 0 . 2 ; 6 m l . I f 2 9 , 5 0 m l . o f t i t r a n t i s r e q u i r e d f o r c o m p l e t e 
t i t r a t i o n o f a l l t h e f l u o r i d e , t h e v a l u e o f t h e p l o t t e d p o i n t w o u l d 
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be l o g 2 [ 6 5 . 0 0 - l 0 ' 0 0 - ° ' 2 0
 X I O O ] = l o g 2 ( 6 5 . 0 0 - 33 .95 ± 0 . 6 0 ) 
29 .50 
The p o i n t l o g 2 ( 3 1 . 0 5 ) = l o g 6 2 . 1 6 i s p l o t t e d and a v e r t i c a l l i n e 
1.20 u n i t s i n l e n g t h i s drawn on each s i d e o f t h e p o i n t o r t o 
f a c i l i t a t e p l o t t i n g t h e l i n e i s drawn t o t h e n e a r e s t h o r i z o n t a l l i n e . 
I f a s t r a i g h t l i n e , t h r o u g h a l l o f t h e v e r t i c a l l i n e s n e a r e s t t h e end 
of t h e r u n i s n o t o b t a i n e d , t h e per c e n t e r r o r i s i n c r e a s e d u n t i l 
a s t r a i g h t l i n e can be drawn t h r o u g h a l l o f t h e v e r t i c a l l i n e s . I n 
t h i s p a r t i c u l a r case a t h r e e per c e n t e r r o r i s s u f f i c i e n t f o r t h e pur 
pose . The h a l f - t i m e o f h y d r o l y s i s i s c a l c u l a t e d f r o m t h e s l o p e o f 
t h e l i n e . 
The range o f t h e s t r a i g h t l i n e i n d i c a t e s t h a t t h e h y d r o l y s i s 
of t h e f o u r t h f l u o r i d e can n o t be s l o w e r t h a n t h e h y d r o l y s i s o f 
t h e t h i r d f l u o r i d e and t h e r e f o r e b o t h w o u l d appear t o come o f f t o ­
g e t h e r . K o l d i t z and S a r r a c h (46 ) e n l i g h t e n e d t h i s phase o f t h e 
r e a c t i o n when t h e y a t t e m p t e d t o p r e p a r e KSbF 3 (0H) . S i n c e t h e y 
c o u l d p r e p a r e SbF^OH) by t r e a t i n g KSbF^ w i t h w a t e r , and S b F 4 < 0 H ) 2 ~ 
by m i x i n g KSbF^ and two e q u i v a l e n t s o f KOH, t h e y e x p e c t e d t o o b t a i n 
S b F ^ ( 0 H ) 3 by m i x i n g KSbF^ w i t h t h r e e e q u i v a l e n t s o f KOH. A f t e r 
m i x i n g t h e i n g r e d i e n t s and l e t t i n g t h e m i x t u r e s t a n d o v e r n i g h t t h e y 
f o u n d S b F n ( 0 H ) ~ and some SbF ; . (0H) ~ b u t no S b F o ( 0 H ) ~ I f t h e r a t e 
Z q- 4 - Z J J 
i s s lower a f t e r each r e m o v a l of f l u o r i d e t h e y s h o u l d have been 
s u c c e s s f u l i n p r e p a r i n g SbF^COH)^ and i s o l a t i n g t h e p o t a s s i u m s a l t 
b e f o r e f u r t h e r h y d r o l y s i s . They succeeded i n p r o v i n g t h e e x i s t e n c e 
of SbF 3 (OH. ) 3 " by h e a t i n g K S b F 4 ( 0 H ) 2 w i t h one e q u i v a l e n t o f KOH and 
a n a l y z i n g soon a f t e r , b u t t h e g r e a t e r p a r t of t h e a n t i m o n y was i n t h e 
f o r m o f S b F o ( 0 H ) , . 
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S i n c e i t i s e v i d e n t t h a t t h e f o u r t h s t e p o f t h e h y d r o l y s i s r e ­
a c t i o n i s r a p i d i n c o m p a r i s o n t o t h e t h i r d s t e p , t h e t w o s t e p s a r e c o n ­
s i d e r e d as o n e a n d i n a n i d e a l s i t u a t i o n t h e i n t e r c e p t a t z e r o t i m e 
s h o u l d be l o g 2 (66.67 - 35.00) = 63.34 p e r c e n t f l u o r i d e r e m a i n i n g . 
T a b l e 2 l i s t s t h e h a l f - t i m e s a n d i n t e r c e p t s o f some o f t h e r u n s . 
I n t e r c e p t A i s t h e i n t e r c e p t f o r t h e t h i r d a n d f o u r t h s t e p s o f t h e 
r u n s w h i l e t^j.^A) i s t h e h a l f - - t i m e f o r t h e t h i r d s t e p . T h e h a l f -
t i m e o f t h e f o u r t h s t e p i s u n k n o w n . 
T h e h a l f - t i m e f o r t h e s e c o n d s t e p i s c a l c u l a t e d f r o m t h e s l o p e 
o f t h e l i n e o b t a i n e d w h e n t h e p r e v i o u s s t r a i g h t l i n e i s s u b t r a c t e d 
f r o m t h e r e s t o f t h e c u r v e ; t h e same b a s i c p r o c e d u r e a s b e f o r e b e i n g 
f o l l o w e d . F o r g r e a t e r r e s o l u t i o n t h e v a l u e s a r e d o u b l e d a g a i n a n d 
t h e a c t u a l p o i n t p l o t t e d i s e q u a l t o l o g 4 (W - 1/2 v a l u e o f t h e 
s t r a i g h t l i n e ) . A o n e p e r c e n t e r r o r i n t i t r a t i o n d u r i n g t h i s s t e p 
w o u l d g i v e a v e r t i c a l l i n e t h a t i s t w i c e a s l o n g a s i n t h e p r e v i o u s 
s t e p s a n d a n e r r o r o f e v e n f i v e p e r c e n t w o u l d be d e v a s t a t i n g s i n c e 
s u c h a n e r r o r i n t i t r a t i o n w o u l d r e s u l t i n e a c h p o i n t c o v e r i n g o v e r 
10 p e r c e n t o f t h e v e r t i c a l l e n g t h o f t h e g r a p h . F o r t u n a t e l y , t h e 
a c c u r a c y o f t h e t i t r a t i o n i s g r e a t e s t i n t h i s r e g i o n a n d a n e r r o r 
o f t w o p e r c e n t n o r m a l l y w i l l f i t i n a l l o f t h e d a t a . 
F i g u r e 4 s h o w s t h e p l o t o f t h e r e s o l v e d d a t a f o r r u n s N o . 15 
a n d 16. B e s i d e s i l l u s t r a t i n g t h e m e t h o d o f r e s o l u t i o n t h e s e t w o p l o t s 
w i l l a l s o i l l u s t r a t e a n o t h e r p h e n o m e n o n . The i n t e r c e p t f o r a n i d e a l 
s i t u a t i o n w o u l d be a t l o g 4 (83.33 - 66.67) = l o g 66.64. T h e h a l f -
t i m e s a n d i n t e r c e p t s f o r t h e s e c o n d s t e p o f t h e h y d r o l y s i s a r e 
l i s t e d i n T a b l e 2- a s t . ( B ) a n d i n t e r c e p t ( B ) r e s p e c t i v e l y . 
Table 2 
Results of Experiments with SbF. (a) 
Run 
No. Solution (b) 
,.>. Intercept 
1/2 ( A ) A t 1 / 2(B) 
Intercept 
B S(Q) 
7 0.01100 M NaOH 5.8 days 64.4 
11 Distilled H„0 
z. 
6.7 days 61.8 15.8 hrs. 60.7 —— 
12 0.01172 M HC10, 
64. 
5.9 days 61.3 13.2 hrs. 66.6 
13 0.08140 M HC10, 
q. 
5.2 days 58.6 9.2 hrs. 68.2 54.00 
14 0.2096 M HCIO, 3.0 days 62.1 192 min. 65.1 —— 
15 0.3985 M HCIO, 
— q. 2.3 days 62.0 73 min. 95.2 45.60 
16 0.6154 M HCIO, 
—" 
29 hrs. 68.6 65 min. 58.8 31.40 
17 0.8340 M HCIO. 
—* L\-
18.5 hrs c 63.2 66 min. 85.0 34.00 
18 1.076 M HCIO, 
— 4 
16.8 hrs. 61.0 60 min. 65.0 
6 0.09611 M NaOH 21 min. —— 21 min. —— 




(a) All solutions are 
7 (0.1003 M). 
0.01084 M ir. KSbF, 6 except 5 (0.1127 M) and 
(b) ""Solution^designates composition of solution before addition of 
KSbF.. 6 
(c) Column S is the per cent F released when solid was first 
observed. If no value is given then it was not recorded. 
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It is seen, that the intercept B in Run No. 15 is far removed from the 
expected value. 
It was mentioned in Chapter II that upon standing KSbF^ be­
comes more difficult to dissolve. Run No. 15 was a run in which 
KSbF^ dissolved with difficulty and apparently the behavior near the 
intercept is a dissolution effect, i.e., although salt appeared to 
be completely dissolved before beginning the titration^ it now ap­
pears to have passed through, the colloidal, state. The effective time 
of solution is other than the one recorded causing a large error in 
the intercept. This behavior can be eliminated by preparing a 
fresh batch of salt three to seven days before beginning a series of 
runs. 
The reaction of all six steps in basic solution is extremely 
rapid and is complete in solution of pH 12 and higher. It. may be 
complete in solutions of lower pH but in NH,OH at pH 10.2 after a 
month of reaction 17 per cent fluoride still remained complexed. 
The reaction in l.OtLNaOH was so rapid that a fine white precipitate 
formed before the first aliquot was taken, while in 0. IN. NaOH. the 
rate was measurable and could be followed by both acid and fluoride 
titrations. The number of titrations are sparse because of the 
celerity of the reaction in base and only one half-time is given with 
no attempt to resolve the data. 
Run No. 7 aids us in finding the pH range for the transition from 
fast to slow hydrolysis. The column reading solution, in Table 2. 
designates the composition of the solution before addition of KSbF^. 
Of course, the acidity is greater than the ones listed and the increase 
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of acidity during a run might be expected to influence the reaction 
rates particularly in those solutions of low acid or base concen­
tration. Although the influence is probably present, the accelera­
tion or deceleration of rate is not great enough to become mani­
fest during any particular run with the exception of Run No. 7. If 
we begin with 0.0LL0 N. NaOH, the immediate replacement of the first 
F with OH neutralizes the base and for the beginning of the second 
step we have a neutral solution. The reaction continues rapidly un­
til it begins to decelerate near the end of the second step (about 
pH 3.3) after which the reaction is normal and the prescribed 
method of resolution can be followed. Resolution does give a straight 
Line for the third step but none can be obtained for the second step 
since the Line is curved with an initial slope of 4.8 hours. From 
the data in Table 2 it can be seen that the hydrolysis increases with 
increasing acidity or basicity beyond a pH where the rate is at a 
minimum. The rate of hydrolysis for the third fluoride in Run No. 11 
(pH 2.4 - 2.3) is slower than the rates in Runs No. 7 (pH 2.6 - 2.4) 
or 12 (pH 0.9); therefore, the minimum rate must be in the pH range 
of less than 2.4 and greater than 0.9. Of course, the minimum pH 
is for the third fluoride but since the rate of hydrolysis for the 
second fluoride begins to decelerate about pH 3.3 and increases with 
increasing acidity beyond pH 1, it can be assumed that both minimum 
pH's must be close to each other. 
Accuracy of the Method,--The assumption of the same final equilibrium 
condition in all the solutions, even though of varied acid concentra-
tions, is reasonable when one considers that product H and F 
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combine to form the weak acid HF. The intercepts can be altered by 
assuming a different equilibrium point than the one used. For instance, 
taking a value of 3 5 . 5 0 per cent fluoride remaining as the equilibrium 
point alters T
 / o(A) by about 1 - 2 per cent and the intercept by 
about _+ 0 O 8 units, bringing the average value close to the calculated 
63<.3 per cent. If we take an error of _+ 4 per cent in titration to be 
the extreme limits cf error for the third step and _+ 2 per cent for 
the second step, varying the equilibrium point from 3 3 . 3 3 to 3 6 . 0 0 
per cent F remaining and fit various straight lines to the extremes 
of the data, it is found that the values of the given half-times are 
accurate to _+ 1 0 per cent. 
Results of Acid Titration.--Attempts were made to follow the hydrolysis 
of SbF^ using the acid titration in Runs No. 7, 1 . 1 , and 1 2 , and by 
titrating with H C 1 in Run No. 6 . Runs No. 6 and 1 1 gave satisfactory 
results, while Nos. 7 and 1.2 gave only mild success. In Run No. 1 1 
it was observed that one hydronium ion was formed for each fluoride 
released until about 75 per cent fluoride remained. Thereafter, al­
most two fluorides are replaced per hydronium ion formed. All other 
runs showed the same result qualitatively, but were quantitatively 
less accurate because of the acidity or basicity of the solution be­
fore the addition of the salt* Although, the possibility exists that 
some of the hydrogen ion formed in the hydrolysis is destroyed by 
reaction of HF with the glass, this explanation seems unlikely for 
two reasons: ( 1 ) the differences between the fluoride and acid 
titration appear at the same stage of the reaction in a l l cases. 
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and (2) if the reaction with the glass is rapid enough to cause an 
effect within, the first day one would expect a much greater effect than 
is observed after several months. 
Assuming that the difference in the rate of fluoride release 
and rate of hydronium ion formation is due to the reaction of antimony 
species the system cannot, be described solely in terms of the simple 
reactions so far presented. An interpretation, consistent with 
observations, is that polymerizat. 1 c of some kind occurs. Small, 
particles of solid are observed to form during the reaction, and the 
stage of the reaction at which they were first observed is indicated 
in Table 2, The amour..:, of. total solid formed is only a small, fraction 
of: the antimony in solution,, 
Souchay and Peschanski (1.9) who studied the condensation 
reaction of Sb(OH)^
 9 proposed an equilibrium of the type 
n[Sb(OH)^] + q H + i o n condensation product + H^O 
-2 
The reaction is fairly complete at a concentration of 1,2 x 10 
M KSb(.OH) and at a pH less than 2,5, From light absorption measure­
ments they calculated n to be six and q to be 3 and the equation hence­
forth took the form: 
6[Sb(0H) ]" + 3 H + — > [HSb60 ]'"" + 7H 0 
There are 12 H^O unaccounted for and because of the form of the equa­
tion it is likely that they are associated with the condensed ion so 
that the ion could be represented by the formula: [HSb,(0H) ,0^] 
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I F WE ASSUME THAT A S I N G L E ANALOGOUS R E A C T I O N OCCURS I N THE 
FLUORO S Y S T E M T H E BEST C H O I C E I S 
n C S b C O l O ^ F ^ ] + qH + I O N C O N D E N S A T I O N PRODUCT + H^O. 
I T I S ASSUMED THAT ( I ) T H E C O N D E N S A T I O N PROCEEDS ONLY A F T E R T H E 
F O R M A T I O N OF S B ( O H ) ^ , (2) THE C O N D E N S A T I O N R E A C T I O N I S R A P I D , ( 3 ) 
THE CONDENSATION, R E A C T I O N GOES TO C O M P L E T I O N , AND (4) THERE ARE TWO 
F L U O R I D E S PER A N T I M O N Y I N THE C O N D E N S A T I O N PRODUCT. I F T H E R E A C T I O N 
GOES TO C O M P L E T I O N THE AMOUNT OF F L U O R I D E R E T A I N E D AT T H E END OF H Y ­
D R O L Y S I S WOULD BE I N D E P E N D E N T OF T H E C O N C E N T R A T I O N OF A C I D . 
RUN N O , 1 1 I S T H E BEST RUN FOR D E T E R M I N A T I O N OF N/q S I N C E 
THERE ARE NO C O M P L I C A T I O N S OF A D D I T I O N A L A C I D OTHER THAN THE A C I D 
FROM THE H Y D R O L Y S I S R E A C T I O N , , B E A R I N G I N M I N D THE A S S U M P T I O N M A D E , 
A MEASURE OF N/q CAN BE C A L C U L A T E D FROM T H E F O L L O W I N G R A T I O 
6 6 , 6 7 - X , WHERE X I S THE PER CENT H Y D R O N I U M I O N R E L E A S E D AND Y 
1 / 2 ( 6 6 , 6 7 - Y ) 
I S THE PER CENT F L U O R I D E R E L E A S E D AT T H E SAME L I M E . T H E V A L U E S MUST 
BE T A K E N I N THE R E G I O N WHERE I T I S C E R T A I N THAT T H E F I R S T TWO STEPS 
OF T H E H Y D R O L Y S I S R E A C T I O N ARE COMPLETE IN. ORDER TO USE THE NUMBER 
6 6 , 6 7 . 
T H E E X P E R I M E N T A L R A T I O S OF N/q ARE 1 , 1 8 , 1 , 1 7 , 1.22, 1 , 1 9 
AND 1 , 1 1 , I F WE C O N S I D E R P O S S I B L E V A L U E S OF N AND qOVER THE RANGE OF 
ONE TO T E N , T H E R A T I O S 6/5, 7 / 6 AND 8 / 7 ARE FOUND TO B E CLOSEST TO THE 
E X P E R I M E N T A L V A L U E OF 1 , 1 7 , WE CAN CHOOSE N AS S I X I N ORDER TO AGREE 
W I T H SOUCHAY AND P E S C H A N S K I ; HOWEVER, T H E I R E X P E R I M E N T A L DATA I N D I ­
CATES THAT N CAN A L S O B E S E V E N . S I N C E C H O I C E OF A P A R T I C U L A R V A L U E OF 
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n and q is not. clearly resolved, we can argue only that the least 
number of complexed antimony ions involved in a condensation product 
is six. Moreover, q is numerically one less than n. 
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CHAPTER IV 
Hydrolysis of SbCl 6" 
The hydrolysis of SbCl^ had previously been studied in acidic 
chloride solutions by Neumann and Ramette (2), At a total chloride 
concentracion of 6 M the pseudo first-order rate constant was equal to 
(3,9 + 0,8[H+]) x 10 ^ min, ^, and at a total chloride concentration 
+ - 3 -1 
of 9 M it was (5,3 + 1.6[H ]) x 10 min, , Thus the rate includes 
both a pH dependent and a pH independent term. Table 3 contains a 
list of half-times, compiled from results of previous experiments (47) 
for the reaction in HC1 solutions. The reaction had not been studied 
in basic solution up to this time and the purpose of the present work 
is to extend our knowledge into this region. 
Experimental,--Three Sb(V) stock solutions were prepared by trans­
ferring some Baker and Adamson reagent grade SbCl^ to graduated test 
tubes ar.d diluting with concentrated HC1 (Baker A„R,), Without the 
use of a dry box, the SbC'i^ reacts with the water vapor in the room 
and therefore, the volume of the SbCl.^ . is only a rough estimation 
of the total SbCl^. transferred. The optical density of the three 
solutions indicated that they did not contain the same concentra-
3 
tion of SbCl.^, Using an extinction coefficient of 7,84 x 10 for 
SbCl^ (47) the concentrations were found to be 0,12 M within 20 
per cent0 The difference in concentration is not expected to inter­
fere with the comparison of the half-times. 
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Table 3 







6 25 80 
5.93 16 284 
5.96 16 286 
5.87 25 88 
4.72 25 126 
2.38 25 252 
1. 19 25 322 
1.18 16 820 
0.47 (pH = 0 .4) 25 277 
0.0047 (pH = 2.4) 25 1.89 
0.00024 (pH = 3.6) 25 98 
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The majority of runs were made by injecting 100 microliters of 
SbCl. stock solution into 100 ml. of buffered solution. The buf-6 
fers consisted of 0.1M HC1 9 HC_H_0_C1, HC nH o0 n, H.PO., NaH oP0,. 
I l l 151 34 24' 
Na^HPO^, H.^BO^, and Na^CO^ adjusted to the desired pH, using a Beck-
man pH meter, by 0.1 M NaOH. The hydrolysis reaction was then 
followed on a Beckman model DU spectrophotometer using fused silica 
cells having a light path of one cm. The cells were maintained at con-
scant temperature by means of a water jacket, through which water 
from a thermostated bath (25.0 +_ 0.4°) was circulated. Some of the 
runs were followed on a Beckman Model DK recording spectrophoto­
meter in which case the temperature was not controlled and was greater 
than 25°C. 
Data were taken at time intervals dependent on the rate and the 
wave length. For the faster reactions data were taken at short inter­
vals, normally six minutes apart. For the slower reactions and for 
wave lengths other than the one of maximum absorption data were taken 
at longer intervals. Except for the extremely fast reactions and the 
DK runs each point is an average of three readings. In most of the 
buffers the reaction was first-order or pseudo first-order, as indi­
cated by the linearity of plots of log (A-A ) vs time, where A rep­
resents the absorbancy or optical density at time t. A pseudo first-
order reaction would be indistinguishable from a first-order reaction 
since the hydronium and hydroxyl ion concentrations were constant 
during any particular run. The chloride ion concentration is considered 
co be the same (except for Runs 33 and 34 in which additional HC1 was 
added) from run to run although no attempt, was made to determine, 
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precisely, what, the concentration was. The half-times were calculated 
from the slopes of the plots. 
Resultso—The results are presented in Table 4 and plots of several 
runs are shown in Figure 5 . Where results were obtained from the DK 
spectrophotometer9 it is designated as such in the temperature column. 
Of the runs shown in Figure 5 , Nos. 2 2 . 9 2 3 and 2 6 were followed at 
2 6 6 . 5 m|j,„ Runs 1 and 3 1 were followed at 2 7 0 m^^the difference in ab-
sorbancy is due to use of different stock solutions. 
It was contemplated that the various buffering media would have 
no effect on the hydrolysis other than that expected by the hydronium 
ion; however, results tend to disprove this theory. When the 
hydrolysis is performed in the H^BO^ - NaOH buffer and the ensuing data 
plotted, the graph exhibits a curved rather than a straight line. The 
results of two runs are plotted in Figure 6 o Attempts to fit the data 
to an integral, order rate failed as the data fell between zero and first-
order. The possibility of the curved line being due to a specific 
effect of the borate buffer was investigated by replacing the boric 
acid with glycine as a buffer component. Runs No. 2 . 2 , 2 3 9 and 2 6 which 
contained glycine are shown in Figure 5 , and although No. 2 6 exhibits 
a detectable arc, it is definitely not as pronounced as the arc ob­
tained if H-jBO^  is one of the buffer components at the same pH. For 
runs where curvature, was obtained, two values are given in the half-
time column of Table A: ( 1 ) the half-time corresponding to the initial 
slope, and ( 2 . ) that corresponding to the slope at the time that the 
reaction is 5 0 per cent complete. 
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Table 4 
Half-times for Hydrolysis of SbCl. in Various Buffered Solutions 
Run PH Temp Buffer 7i tl/2(min. 
32 1.36 25°C HC1 270 280 
33 1.89 25°C HC1 2.70 153 
34 2.1.6 2.5 °C HC1 270 180 
31 2.79 25°C HC ?H 20 2C1 + NaOH 270 338 
30 5.00 25°C H C ? H 3 0 2 + NaOH 270 310 
30 5.00 25°C H C ? H 3 0 2 + NaOH 300 310 
29 6.98 25°C NaH„PO, + NaOH 2 4 270 168 
29 6.98 25°C N aH -,PO. + NaOH 
2 4 
2.90 165 
1 7.65 25°C NaH2PO^ •+ NaOH 270 129 
7 7.82 25°C H 3B0 3 + NaOH 266.5 1.20(109) 
26 8.69 25 °C Glycine * NaOH 266.5 108(96) 
10 8.91 25°C H.3BO + NaOH (a) 266.5 72(45) 
2.3 9.15 25°C Glycine + NaOH 266.5 31 
I 9.20 29°C H RO„ + NaOH 3 J 266.5 64(32) 
9 9. 22 28°C H 3B0 3 + NaOH (a) 266.5 42(21) 
8 9.35 28°C H 3B0 3 + NaOH 266.5 57(22) 
21 9.59 DK H 3B0 3 + NaOH (a) peak 13.6(8.5) 
22 9.60 26°C Glycine + NaOH 266.5 15.5 
6 9.80 25°C H 3B0 3 + NaOH 2.66.5 43(15) 
19 10.06 DK Na^HPO. + NaOH (a) 
2. 4 
peak 8.8 
L8 10.51 DK Na 2C0 3 (a) peak 1.1 
17 11.0 DK NaoHP0, + NaOH 
I 4 
peak 1.4 
3 11.2 25 °C Na oHP0, + NaOH I 4 266.5 1.75 
11 12.40 25°C NaOH 266.5 very 
rapid 




Figure 6. Plots of Absorbar.ey of. SbCl ~ in H,BO./J NaOH Buffers vs 
6 j J 
Time, (Runs 6, 8)„ 
It was next considered that the curvature might, result from the 
presence of appreciable amounts of Sb(OH)^Cl during certain periods 
of the reaction. Although Sb(OH)Cl^ is known to show appreciable ab­
sorption in the region of 270 m^, the earlier work in acid solution (48) 
indicated that Sb(0H)Cl^ is rapidly hydrolyzed and does not accumu­
late during the reaction, The entire spectrum was scanned by use of 
the recording spectrophotometer in a run involving a borate buffer 
(Figure 7), but there was no evidence of increased absorption in the 
region of maximum absorption for Sb(0H)Cl^ . 
The problem of whether the observed peak, generally attributed 
to SbCl^ , is actually due to more than one species has been studied 
by Bonner and Goishi (49)„ Thfey found that the zero-time spectra in 
7M and 12M H.C1 were appreciably different, but that there was very 
little change in the spectra in solutions 1.. 2M to 7.69M in HC1. They 
concluded that a large solvent effect was more probable than the 
presence of two or more species. 
If the observed peak results from the presence of two species, 
d I i. i erent rates of hydrolysis should be obtamed by plotting data ob­
tained at different, wave lengths provided any equilibrium between 
the species is not reached rapidly relative to the rate of hydrolysis, 
and provided the spectra are sufficiently different. The half-times 
for the hydrolysis reaction taken at. 2.70 and 290 mp during the same run 
were found to be the same within experimental error. Some values are 
given in Table 4 for Runs 29 and 30. 
If the equilibrium between the two species is established 
rapidly, the reaction would appear to be first-order and the same rate 
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would be obtained at all wave lengths. If such were the case it would 
be possible to gain some insight as to the relative concentration of 
the two species by taking the ratios of the absorbancies, A, at say 
270 mjji and 300 mp. in one solution and comparing it to the ratio in 
another solution; i.e., 
270 27'0 
A270 = C1 E1 + C 2 E 2 
3UU 7 — r Z 30U 
A300 C 1 E 1 W + C 2 E 2 
where the C s are the concentrations and the E's are the molar ab-
sorbancy indexes of the species. The subscripts represent species 1 
270 
and 2 respectively. Here it is necessary that the ratios E^ and 
El 
E 2 7 0 




Ratios of A /Anrir. 
270 3 0 0 
A270 A300 A27o/ A300 
12MHC1 0.831 0.238 3.6 
PH 
5 1.06 0.214 5.0 
8,2 0.960 0.192 5.0 
9.18 0.950 0.198 4.8 
9.2 0.892 0.185 4.8 
Values for absorbancy ratios are presented in Table 5 and it can be 
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seen that the value in 12 M HC1 is at least 25 per cent different from 
the other values which are the same within an estimated +.0.3 error. 
In summary the facts pertaining to solutions in the pH range 1-12 
are: (1) there is no shift in the position of the absorption peak, 
neither during a run nor from one solution to another, (2) the ab-
sorbancy ratios at 270 and 300 m|i are the same within an estimated 
+ 0.3, (3) the half-times of hydrolysis derived at different wave 
lengths are the same, and (4) a plot, of A-A vs time yields a straight 
o OO 
line (except for Run No. 26 and possibly Run No. 23)„ It is con­
cluded that in the pH range of these experiments the rate being measured 
is that of the hydrolysis of the single species SbCl^ , 
Since the rate of hydrolysis is greatly accelerated in strong 
acid or base, the rate constant might be expected to be given by the 
express i on: 
k Q = k L + k 2[H +] + k3[0H~ ] = k L + k 2[H +] + k.3kw 
-ST 
[H'] 
if the activity coefficients remained constant. The derivative of k 
•' o 
with respect to [H ] is 
dk , k.k 
o = k 2 - J w 
d[H +] [ H + ] 2 
The value of the derivative is zero at a minimum point and from the 
expression it is seen that there is only one minimum point if there are 
no other factors. 
Using the data of Tables 3 and 4 a plot of rate vs. pH was 
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attempted, but the considerable scatter of the points did not lead to 
a reliable curve. Two minimum points, one between pH 1 „ 36 and -1.1 
and one between pH 1.36 and 2^16, are indicated. The behavior in HC1 
solutions indicates an effect due to variations in the activity co­
efficients of SbCl^ . It is known that the activity coefficient of 
HC1 has a minimum value, in 0.5 M HCl. If we assume that the activity 
coefficient of SbCl^ follows the same type of behavior in the same pH 
range, we can impose this effect on the expected rate vs. pH curve to 
account for two minima. The effect of the various buffers on the ionic 
strength dnd activity coefficients of SbCl^ (and possibly on the 
activity of water) are probably the cause of the. inability to gain a 
smooth curve over the entire pH range. However, the. effect on activity 
coefficients is not as great; as the effect of pH, and it can definitely 
be stated that increase in basicity beyond the minimum point greatly 




All evidence of the replacement reactions of the halo com­
plexes of Sb(V) suggest that these complexes hydrolyze in a step­
wise fashion 
SbX ~ 5s-SbX .(OH)" — ^ SbX, (OH) " etc. 
6 5 4 2 
although some steps may be immeasurably fast. The complexes formed 
are then mixed halo-hydroxo complexes, there being no evidence for 
mixed halo-aquo complexes in either the fluoro- (46) or chloro- (48, 
49) systems. 
The hydrolysis of an ion. of the type SbX^ may proceed by a 
variety of mechanisms. The possible mechanisms can be divided into two 
groups, on the basis of whether they are fundamentally of the S I or 
S 2 type. The mechanisms which are. of the S^ l type are: 
(l) Simple S I mechanism involving a five-coordinate Sb as an 
intermediate; i.e., 
SbX6~ _ ^ — > - SbX 5 + X™ 
followed by rapid reaction of the five-coordinate SbX 
SbX + H O _._LllELLi^ SbX (OH)" + H + 
In this mechanism the reaction would be first-order, and the rate would 
be independent of pH. 
(2) Eiectrophilie removal of X to yield a five-coordinate Sb 
as an intermediate; i.e., 
SbX ~ + A -—=*> SbXc + XA~ 
o J 
again followed by the rapid reaction of SbX,_„ 
SbX n + H,0 — a p i d > SbX c(OH)~ + H + 
D 2. J 
In this mechanism the reaction would be second-order, and will be de­
pendent on the pH in so far as the latter affects the concentration 
of A. In the case of SbCT^ hydrogen ion itself serves as A, so that 
the rate of hydrolysis increases with increasing acidity. Some evidence 
suggests that SbCl^ can serve as A. (2) 
(3) A mechanism related to (2.) in that A forms an intermediate 
which is more than just a transition state. For example, a true halo-
acid may be formed if the hydrogen ion again serves as A; i.e., 
H.+ + S b X . " — — ? l d HSbX, 
6 ~ T 6 
E Q U I L I B R I U M 
HSbX. — _ L _ > SbX r + HX 6 5 
SbX s + H 20 . r a P l d ^ SbX (OH)" + H + 
This mechanism is kinetically indistinguishable from mechanism (2) if 
the equilibrium concentration of HSbX^ is small. 
(4) An S 1CB mechanism, in which the reaction intermediate is 
the conjugate base of the ion undergoing hydrolysis, is possible for 
a mixed halo-hydroxo complex although it is not possible for SbX. . 
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S-bX 5(OH)" + OH" ^ r a P l d - ^ » S b X 5 0 + H 2 0 
e q u i 1 I b r i u m 
S b X c . 0 = — S b X , o " + X~ 5 4 
S b X 4 0 " + H 2 0
 r a p i S S b X 4 ( O H ) 2 " 
The mechanisms w h i c h a r e o f t h e S^2 t y p e w i l l be v a r i a t i o n s of 
t h o s e p r e v i o u s l y c o n s i d e r e d , w i t h e i t h e r H 2 0 or OH a c t i n g as t h e n u c l e o -
p h i l i c r e a g e n t , 
C5a) SbX 6 ~ + H 2 0 S b X 5 ( O H ) " + x" + H + 
I n t h i s mechanism t h e r e a c t i o n w i l l be p s e u d o - f i r s t - o r d e r 9 and w i l l be 
i n d e p e n d e n t o f pH. 
(5b) SbX 6 " + OH™ — ~ ^ - > SbX 5 (OH)~ + x" 
I n t h i s mechanism t h e r e a c t i o n w i l l be s e c o n d - o r d e r , and t h e r a t e o f 
h y d r o l y s i s w i l l i n c r e a s e w i t h i n c r e a s i n g b a s i c i t y . 
(6a) H + + SbX " r a p i d ^ HSbX. 
o —. r . -—: o 
e q u i l i b r i u m 
HSbX 6 + H 2 0 — S b X 5 ( O H ) ~ + HX + H + 
I n t h i s mechanism t h e r e a c t i o n w i l l be p s e u d o - s e c o n d - o r d e r s and t h e r a t e 
of h y d r o l y s i s w i l l i n c r e a s e w i t h i n c r e a s i n g a c i d i t y . 
C6b) H + + SbX " r a p i d - ^ HSbX. 
o . —r— o 
e q u i l i b r i u m 
HSbX 6 + OH" — * > SbX 5 (OH)" + HX 
I n t h i s mechanism t h e r e a c t i o n w i l l be i n d e p e n d e n t o f pH. 
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(7a) SbX, ( O H ) ~ + O H " ^ — . r . a p i d ^ SbX 50 ' + H 20 
equilibrium 
SbX . O - + H O SbX, ( O H ) ~ + X~ 
-> Z A Z 
In this mechanism the reaction will be pseudo-second-order? and the 
rate of hydrolysis will increase with increasing basicity. 
(7b) SbX , (OH) '~ + 0H~ r a P l d - ^ . SbX 0 & + H O 
equi I. i br ium 
sbxL.o~ + OH"' - k >• sbx. ( O H ) o = + x'" 
SbX,(0H)0= + H. + rapid > SbX. ( O H ) " 
H - 4 z 
In this mechanism the reaction will be third-order, and the rate. will, 
increase with increasing basicity. 
Although all. the various mechanisms may be operative in both the 
SbF^ and SbCl^ systems, there are enough obvious differences to 
suggest that the major paths of react ion are different in the two systems, 
The chief difference is the fact that in the chloro case the first step 
is measurable and the following steps are very rapid, while in the 
fluoro case the reverse is true.. This difference might well, be due to 
differing tendencies to react via an S^l as opposed to an S^2 mechanism. 
To indicate the likelihood cf a difference of this kind the 
octahedral species will be considered from the. point of view of whether 
the complex is more likely to undergo increase or decrease in coordi­
nation number. From the known facts it would appear that, the fluorides 
of Sb(V) have a greater tendency to form a higher coordination number 
than the chlorides. For instance, liquid SbFc:, a viscous material, is 
c 
polymeric in nature and forms long chains of octahedral SbF^ groups (2.1) 
indicating its reluctance coward coordination number five. On the 
other hand SbCl,- is not vicous, and consists of discrete molecules in 
the liquid state. The structure of SbCl,., proposed by Moureau, Sue, and 
Magat (50), on the basis of the Raman spectrum, is a trigonal bipyramid 
in which the Sb(V) is displaced from the plane of the three chlorides. 
There is even a suggestion in the literature for a coordination number 
of four for Sb(V)» Usanovich9 Sumarokova, and Beketov (51) attributed 
the results of their conductometric, viscosity, and density measure™ 
+ 
ments on SbCl. -SbCl.,. mixtures to formation of the ion-pair SbCi, SbCl. . 
3 5 4 4 
A few complexes having a coordination number of seven are known, 
and most of these involve fluoride as a ligand. These complexes are 
IF^jUO^F^ , and ZrF^ , which have the form of a pentagonal bipyramid, 
and TaF^ , NbF-, , and NbOF^ , which have the form of a distorted trigon­
al prism (5 2.). If we. relate size of the central atom to the tendency 
for greater stabilization of the seven coordinate species, we can show 
in Table 6 that the size of Sb*"5 is in the region where stabilization 
of coordination number seven would be expected. Since it is not clear 
which of the many "size" values is most appropriate, and because one 
set of "radii" does not. include all of the elements of interest, several 
"radii" are listed. The values are from Kleinberg, Argersinger, and 
Criswold (53), 
On the basis of these arguments an S^l reaction seems more 
probable for SbCl^ , and an S^2 reaction seems more probable for SbF^ . 
+5 +5 
The central atoms P and As have been included in Table 6 
since some, information is available on the behavior of PF. and AsF. „ 
6 6 
Both of these ions are known to resist hydrolysis in base over extended 
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periods of time (4,30). The sizes listed in Table 6 suggest that 
phosphorus and arsenic are. too small to permit expansion to co­
ordination number seven, and therefore hydrolysis by an S^2 type of 
reaction is unlikely. Of course, the observed resistance to hy­
drolysis also implies that the S I reactivity is small. 
The radius ratio of ligand ion to central ion in SbCl. is about 
6 
what the ratio is in AsF^ , so that the reactions in these two systems 
would be expected to be similar. A point of similarity is that 
AsF,. (OH) hydrolyzes more rapidly than AsF^ , just as SbCl,. (OH.) re­
acts more rapidly than SbCi^ . Hydrolysis of AsF^(OH) is catalyzed 
by both acid and base. Unfortunately, Dess and Parry (4) dot not re­
port whether acid has any effect on the hydrolysis of AsF^ . 
The progressive change in rate on replacing halide with hydroxide 
is consistent with what has been said so far. In the SbCl. and 
6 
AsF^ systems, which appear to proceed by an S^l mechanism, the re­
placement of a halide with hydroxide leads to a faster rate of hy­
drolysis. A few systems, involving other central atoms, are avail­
able for comparison. The rate of hydrolysis of chlorohydroxo complexes 
of Co(lll) are faster than those of the corresponding dichloro complexes 
by a factor of 40 to 50 (l). In the case of carbon as the central 
atom, CH^CKOH) cannot be compared to CH^Cl^^ but the solvolysis of 
CH 2C1(0CH 3) is much more rapid than that of CH 2C1 2 (54). The evi­
dence in the case of carbon and cobalt points to the reactions being 
of the S I type. Reactions of the S^l type are facilitated by the 
presence of groups which release electrons to the reaction center, and 
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this release is generally attributed to the possibility of Jf* bond­
ing (1,55). Using the values of C T " D given by Taft (56) as a measure of 
the effect of groups via their 7T bonding tendency we would expect the 
following order of reactivity: OH > F > Cl. On the other hand, if the 
inductive effect of the group is more important, then the ordering pre­
dicted is OH > Cl ^  F. In. either case hydroxide would be expected to 
labilize the reaction with respect to chloride. Examination of mixed 
chloro-fluoro complexes would appear to be desirable to decide which 
effect is more important. All the arguments presented do suggest that 
SbClr and AsF, react by an S..1 mechanism in. acid solution. 6 6 J N 
On the other hand reactivity via the S^2 mechanism would be 
expected to be diminished by the presence of groups with electron re­
leasing characteristics. In such systems replacement of halide by 
hydroxide would be expected to lead to diminished rates. This is what 
is observed in the SbF^ system. 
The behavior of SbCl^ may now be summarized. The studies of 
Neumann and Ramette (2) establish an acid dependent mechanism, which 
could be (2), (3) or (6a), but which is probably (2). In addition 
these studies indicated that a pH-independent mechanism is operative 
and this could be mechanism (l), (5a), or (6b), but is probably (l). 
The present work appears to establish the S^2 mechanism (5b) as 
another pH depen.den.t mechanism since the hydrolysis rate definitely 
increases with increasing basicity in the first step of the chloro case 
where mechanism (4) cannot be. operative. In the region of the minimum 
rate all mechanisms are making some contribution to the reaction so 
that the rate constant is given by the expression 
6i 
k = kl + k2- [H +] + k 3 [OH"] 
Using a value of k^ from the experiments of Neumann and Ramette (2) 
in acid solution, and assuming that the rate of hydrolysis in the very 
basic region is due entirely to the third term, k^ appears to be ap-
proximately 10 times k^ . 
Species of the type involved in mechanism (4) provide a possible 
explanation for the reactions of SbCl^ that deviated from first-order 
kinetics. From the known spectral characteristics of the hydrolysis 
products it is clear that once SbCl^ reacts it gives products con­
taining three or less chlorides, and that any monomeric products are 
in equilibrium (48,49). In addition to products of the type 
SbCl (OH) , there may also be products of the type SbCl (OH) 0~. 
X O X X J X 
Products of the latter type will be relatively more abundant at high 
pH values. A species of this type might act as a nucleophilic re­
agent, thus providing an auto-catalytic effect on the hydrolysis of 
SbCl^ . A reaction of this type could also account for formation of 
polymeric species such as that indicated in the fluoride system. At 
even higher pH, reaction (5a) has priority and polymeric substances 
would be avoided. 
In the fluoro case many variants may be suggested. However, we 
have at present no experimental evidence to distinguish between 
mechanisms, so we confine ourselves to the suggestion that the proba­
bility of S^2 reaction for the second step is much less than in the 
first step, etc., while the probability of S^l reaction increases from 
step to step. The increase in rate at the fourth step may then be due 
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to a change to an S I mechanism. The formation of a polymeric material 
after the fourth step would then close the avenues of reaction. 
For future consideration, it is suggested that exchange re­
actions be performed in order to determine the relative lability of 
F and OH in the SbF^ system. Also, the rate of the fourth step of 
fluoride replacement should be examined. This would necessitate the 
detection of the various species in solution. Perhaps this resolu­
tion could be accomplished by a variation of the chromatographic 
method of Kolditz and Sarrach, or through the use of NMR measure­
ments. Further, more detailed analysis of the rates should be made in 
limited pH regions where the activity coefficients could be held 
constant by use of solutions of constant ionic strength. 
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